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To the C&ngres^ of the United States: 

In accordiince witli section 5503 of the RevUed Statuiies of the 
United Statc^^ 1 have the honor, lii behalf of tli& Board of Regents, 
to submit to Congress the annual report of tlie operatiaiis, expend^ 
tures, and condition of the Smithsonian Institution for the year ended 
June 30,1^45. I have the honor to be, 

Respectfully, 


A. Wetmohe, Secretary^ 
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REPORT OP THE SECRETARY OE THE 
SMITHSONIAif INSTITUTION 

ALEXANDER WETMOBE 

FOR THE YEAR ENDED JUNE 30, I0i5 

7*0 the Board of of the Sm^ithsonian 

GfiNTiEMEN: I huTe the honor to submit herewith my report show¬ 
ing the ftotivities and eoadition of the Smithsoninn Institution and 
the Government bureaus under its administrative charge during the 
fiscal year ended June 30,19i5. Tlie first 14 peg^ contain a summary 
account of the affairs of tlie Institution j it wiD be noted that many 
activities usually included in this section are missing, wartime con* 
ditions again having forced their susi^naion. Appendixes X to 10 give 
more detailetl repoi*ts of the operations of the National Musanm, 
the National Gallery of Art^ the National Collection of Fine Arts, the 
Freer Gallery of Art, the Bureau of American Etlmology, the In¬ 
ternational Eschanges^ the National Zoological Park, the Astro- 
physical Observatory, the Smithsonian librar>%arid of the publications 
issued imder the direction of Uie Institution. On page 115 is the finan¬ 
cial report of the executive committee of tlie Board of Begents. 

A a stated in last year's report, Dr, Charlca G, Abbot, Secretary of 
the Institution since 1027, reigned on June 30,1044, in order to devote 
himself to his researches in solar radiation. Having been Assistant 
Secretary of the Institution since 1095, by instruction of the Executive 
Comm it tlie I took over the duties of the poeitlon as Acting Secretary 
until the next meeting of the Board of Agents on January 13,1945^ 
when I was elected Secretary* I am fully mindful of the honor done 
me by the Board, as well as of the great responsibility devolving upon 
one called upon to direct the multitudinous and varied activities of 
such a large organisation as the Institution has grown to be. 

Ndt year, the Smithsonian will celebrate its one-hundredth anniver¬ 
sary, so tliat for 99 years its officials and staff have devoted their best 
efforts to making it in very fact what the founder, James Smithson, 
degired,, namely, an institution for the increase and diffusion of knowl¬ 
edge among men. Starting with only the Institution proper housed 
in a ^gle building, the organization has developed and expanded its 
fields of activity until it now directs sis Government bureaus, as well 
as the privately endowed Freer Gallery of Art, and occupies five 
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buildings on the Mall, besides the numerous buildings of the National 
Zoologies 1 Park in northwest Washington. From a single series, 
Smitlisontan publications have expanded to include nine regular series 
and four others issued at infrequent intervals. 

In promoting the increase of knowledge, the Institution conducts 
and sponsors original researches and scientific explorations, mainly 
in the fields of anthropology, biology, geology, and aatrophysiis; the 
diffusion of knowledga is accomplished through the publications just 
mentioned, through museum and art gaUery exhibits;, through the In¬ 
ternational Exchanges (of scientific and govemmentni publications), 
through radio programs and popular science news releases, and 
through answering the scientific inquiries of thousands of correspond- 
cats each year, 

Throughout Smithsonian history the basic principle that has un¬ 
derlain its scientific work is that researches shall be prosecuted for 
the new knowledge to be gained alone, without regard to its possible 
economic usefulness. This simple principle has enabled the Institu¬ 
tion to accomplish much more in the way of new additions to existing 
knowledge than might have been expected with its limited financial 
resource, and it is the intention to continue this type of operation. 

I assumed the secretaryship in the midst of the trying times of 
lyorld Wnr II. A large proportion of the Institution's normal ac¬ 
tivities in research, exploration, and publication had been suspended 
so that the staff could devote itself to aiding the Army and Navy in 
the prosecution of the war. Some of this work is described later in 
this report. At tlie close of the fiscal year, however, victory had been 
achieved in Europe, and it was beginning to be apparent that the 
Japanese could not resist much longer. My first duty, therefore, will 
be to plan the orderly resumption of normal Smithsonian work, at the 
same time taking stock of the Institutions position in the light of 
l^war conditions. Two of the major problems facing the Institu¬ 
tion at the dose of the war are die inadequacy of the present buildings 
for the National Itiuscum, and the need for more personnel in the 
scientific, clerical, and custodial categories. Steps to remedy both of 
these conditions are tinder consideration, 

(^e of my first concerns was to review the rebtionsbip of the Insti- 
tntion with the Series Publishers, Inc,, who published the Smithsonian 
Scientific Senes, This set of 12 volumes was wntten and edited by 
members of the Institution's staff, and published and sold under con¬ 
tract by the above corporation, the Jnetitution receiving author’s 
royalties on all sales. Over the past several years numerous com¬ 
plaints fmd Inched the Institution regarding the selling methods of 
the publishers agents. I held a series of conferences with the officials 
of the company, as a result of which it is believed the canswi for 
complaint have been largely eliminated. 
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SPECIAL WARTIME ACTlVlXIISS 

Te^hnictd information to arm^d forces .—Prebably tbo Institution’s 
most useful vcnrtime function has been to furnish technical informa¬ 
tion requested by the Army, and war agencies. During the first 
year's of the war information was urgently needed on the geography, 
peoples, disease-bearing insects and other animals, and other features 
of many little-known war areas, particularly in the Pacific theater. 
As many members of the Institution’s scientific staff had visited or 
studied these regions, they were called upon with increasing frequency 
to fumisli such mformation. Records kept by the Smithsonian War 
Committee sliowed more than 2,000 such rcf^uests during the first S 
years of Avar. As the Pacific war moved westward, hoivevor, firat- 
hand information become available to the Army and Navy, and calls 
upon the Institution’s staff during the past year began to diminish, al- 
iliougli several staff members continued to be in almost continuons 
conference with Army and Navy officials. 

EtAnoffeoffrapkie Beard .—-The same sequence of events occurred in 
the case of the Ethnogeogmphic Board, a nongovernmental agency 
created cooperatively lny the Smithsonian Institution, the National 
Research Council, the American Council of Learned Societies, and the 
Social Science Research Council, to act as a clearinghouse for anthropo¬ 
logical and geogi'aphic information needed by the Army and Navy. 
During the earlier stages of the war the Board was called upon con¬ 
tinually fur inforniation, reports, and assistance, and its very ex¬ 
tensive file of American experts in many branches of science was in 
constant use. Around July 1,1044, however, the need for such service 
began to taper off, and Dr, William Duncan Strong, the Director, re¬ 
turned to (^lumbia University to resume his duties as profrasor of 
anthropology. The Board was kept in operation under the direction 
of Dr. Henry B. Collins, Jr., of the Bureau of American Ethnology, 
who had assisted Dr, Strong from the beginning. Its services were 
in demand, though to a lesser extent, throughout the year. 

Improotmoni of onliurai relations %oUh the ether American re- 
ptMieSi —A wartime service which the Institution w«s unusually well 
fitted to take part ill was the Government’s program for the improve¬ 
ment and extension of cultural relations with the other American re¬ 
publics, A number of projects in this field were undcrt.aken soon 
after the beginning of the war, and these have been carried forward 
duri ng the past yea r. The monumen tal Handbook of South Ameri can 
Indians, of which 50 percent of the authors are scientists of the other 
American re publics, progressed satisfactorily under the continued 
guidance of Dr, Julian H. StCAvatt!. Volumes 1 and 2 were in proof, 
and volumes 3 and 4 went to tlie printer toward tlie close of the year. 
The manuscript of the fifth and last volume was expected to be com- 


XO AXNUAti REPOHT SMITHSONIAN INSTITTUTIONi 1045 

pleted early in the coming year. The editorial costs of the Hundbooki 
which will appear as n BuUetm of the Bureau of American Ethnology^ 
have been defrayed hy the Department of State. 

The Institaie of Soelai Anthropology, set up in 1&43 under the 
directorship of Dr, Steward to carry out cooperatiTe training in an- 
thropological teaching nud research with the other Aiiierican re- 
puhlicSj continued its work in Mexico Jointly with the Escuola 
Nncional do Antropologfa of the Instiluto Kacional dc Antropologia e 
HistoHa„ Two members of the Institute's staff taught at the Eseuela 
andj during the last half of the year, directed field research among the 
Tarascan Indians. In Peru, staff members studied Moche^ an Indian 
community on the north coasts and soperyised a field survey of the 
central Highlands of Pevd by' representatives of the Mtiseos Hi^toricos. 
In Bradl, teaching and research in Brazilian social aiuhi'opology 
wetts phmiicd in cooperation with the Ehcola Livre de Sociologia e 
Politica of Slo Paulo, 

The third part of a ‘‘Checklist of the Coleopterous Bisects of Meiicoi 
Central Ajuerlca, the West Indies, and South America,by Dr, B, E, 
Black welder, appeared during the year. As stated in previous re¬ 
ports, this published list of one of the largest and most important 
groups of insects will be an invaluable aid in future entomological 
I'Cscarch in the Ajnericas, 

In addition to these major projects several members of the staff 
conducted field work in various SoutJi and Central American coun¬ 
tries in cooperation with scientists of tliose countries- 

Retf^m of evacuated coIIectii>nA. —Early in the war many of tlie 
priceless and irreplaceable historical and scientific materials in the 
national collections were removed to a place of safety in anticipation 
of possible bombings of American cities. By November this 
jxitentiai danger was considered to be negligible, and all the evacuated 
miitenal was brought back to tlie Institution. The specimens bo 
handled cxxiupied 21,000 cubic feet of space and weighed some IIT^OO 
pounds. The transfer was made without damage in spite of the fact 
that, many of the specimens were fragile and difficult to pack and to 
handle, iVmcmg tlie materials safely transported bodi ways were 
thousands of type Epecimeus of mammalg, birds, fiahes, Insects, plants, 
and other life forms, which are of vital importance to science* Other 
priceless specimens to maka the trip were the original Star Spangled 
Baniierf George IVusliington^a field kit, and many other tangible 
ovidences of America’s past struggles to win and preserve her freedom. 
The scientific and historical collect Ions in American instituLiona and 
mUMfums assume an ever greater importance in view of the destruction 
of a great many such collections in Europe* 
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SmUiiSiynia7i Ifar Background Studies* —The scries of publications 
started early in tha war to present authentic information on the 
peoples^ geography^ liistoryj and other features of war aTeos, entitled 
“TVar Background Studies,^ was concluded during the year* Details 
of the series are given later in this reports and I will say here only 
that the demand for the bCKiks far exceeded the expectations of the 
Institutions it was found necessary to reprint all of them, some 
a number of timeB, not only for distribution by the Institution, but 
also for tJie official use of the Army and Nary* Tlte total number of 
copies printed for both the Institution and the armed services was 
63S^. 


SUXt^AUf OF THt: YrUR S ACTIVITrES OF THE BRANCHES OF THE 

INSTITUTION 

A^atipndl Musmiji *—AH possible efforts of the staff were concen¬ 
trated on pmjccts lelatcd to the prosecution of the war^ though these 
naturally lessened toward the di>se of the year. Several members of 
the staff worked in connection with the Department of Statens pro¬ 
gram for ctdtural cooperation with the other American republics, in¬ 
volving travel and study in JfexicOj Haitij ChilCi i\nd l^anaiud. 
During the year^ 232,822 specimens were added to the collections, 
bringing the total number of catalog entries to 18451,400, Worthy 
of spwcial mention among the new acce^ions were the following r In 
anthropology’, 5,6TT specimens from Indian village sites in Scott and 
I^ane Counties, Kans., n large number of specimens from various 
islands in the Pacific, aiul the valuable Arthur Michael collection of 
early American silver; in biology^', a oollectron of 600 birds from 
Panama, 700 reptiles and amphibians from tlie Indo-Pacific region, 
the Dayton Stoner collect ion of Scntelleroidea, 25,000 mollttsks from 
the Perlas Islands, Panama, and two lots of plants from Colombia 
totaling 3,720 specimens; in geology", a number of rare and valuable 
gems and minerals, including the finest specimen so far recovered of 
the new mineral brazilianite, several meteorites, including tho 1,164- 
]30und Drum llountain, Utah, meteorite, and 10,000 fossil specimens 
collected in the Paleozoic of theaouthem Appalachians by Dr* Charles 
Butts; in engineering and industries, the first experimental jet-pro- 
pelled plane built in tliis country, a well-preserved 1903 Ohismobile, 
and the entiro equipment and fumisliingsr of an Old World apothecary 
shop of the periotl 1750; in history, a scries of 50 bronze statuettes by 
Max Kalii^h of distinguished Americans, known asTlie LU^ing Hall of 
Washington, liH4* Tlio total number of visitors to tho Museum 
during the year was 1,730,716, an Increase over last year of 197,951. 
The year’s publications included 1 Bulletin, 1 Contribution from the 
National Herbarium, and 18 Proceedings papers* Among the im- 
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portoiit staff changes w^^re the advancement of John E. Graf from 
Associate Director of the Museum to Assistant Secretary of the 
Smithsonian Institution; the appointment of Dr. Raymond M. 
GiJmoro as aBsociate curator in the division of mammals^ William B* 
Hoffmann, associate curator in the division of insects, Robert A. Elder^ 
Jr., as assistant curator in the division of ethnology, and Mrs. Mildred 
S* Wilson as assistant curator in the division of marine invertebrate^ 

Jfational Gaitery of Ari ,—The years atteiidanca at the Gallery was 
the lariat since it was opened in Iflil, tli 0 total being S,078,730. 
Approximately 35 percent of these were men and women in tile armed 
serrices. Sunday night openings with free concerts continued 
throughout the year with undimioished popularity. In October 1944 
the Gallery published a book, Masterpieces of Painting from the 
National Galkry of Art, whiclv contained 85 color reproductions of 
paintings in the collections. The public demand was ao great that 
a second edition was being printed at the close of the year. A 
contract was entered Into for the completion of six new galleries for 
exhibition of recent acquisitiemE of paintings and sculpture. All 
the works of art in protectiTo storage in North CnroHna during the 
war were brought back to the Gallery without damage In October 
1044. Gifts included 80 important Italian, French, and Dutch paint¬ 
ings and S6 pieces of sculpture from Samuel H. Kress and the Samuel 
H. Kress Foundation, and a numlier of other paintings from viirious 
donors, as well ns 1,740 prints and drawings from Lessing J. Rosen- 
wfljd, and others from a number of donors. Twelve special exhibitions 
were held at the Gallery, including several of ivar paintings. Travel¬ 
ing exhibitions from tlie Index of American Design and the Roaenwald 
collection of prints were sent to art institutions in various parts of 
the country, live Gallery tours attracted more than 15/)00 people, 
and nearly 27,000 attended the daily 10-minute lectures on the “Picture 
of the Week.” 

A^aiiimal CoUeciion of Fine ATts.~T\\it twenty-second annual meet¬ 
ing of the Smithsonian Art Commission was held on December 5, 
1944, the annual meetings scheduled for the 2 previous years having 
been canceled on accotint of transi)ortation conditions. A number 
of oil paintings and other art works that had been submitted since 
the last meeting In 1041 were accepted. The Commission adopted 
resolutions on tlie death of three former members, John E. Lodge 
in 1042, and Charles L. Boi'ic and Dr. Frederick P. Kcppcl in 1943. 
OHicers elected for the coming year were: Paul Manship, chairman; 
Frank Jewett Mather, Jr., vice chairman; and Dr, Alexander Wet- 
more, secretary. Seven miniatures were acquired through the Cathe¬ 
rine Walden Myer fund. A number of paintings were lent to other 
organizations, inclnding two to Uie Wliite House, one of tlie.se—Max 
Wcyl*s “Indian S umm er Day”—to be hung In President Truman’s 
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Btuij, Kigbt special exliibidons were held, as follows: A selection 
of paintings from the William T* Evans collection of American paint¬ 
ings j group of portraits bj Emit Kaufman, called ‘^The American 
Century”; the Seventh Metropolitan State Art Contest; miniatures by 
the Fennelvunin Society of Miniature Painters; water colors of Latin 
America by Carl Folke Sahlin; paintings by modern Cuban painters^ 
paintings and sculpture by members of the Society of Wa^Fhington 
Artists; and drawings presented to die United States by the French 
Republic in iQlfi. 

Fre^i* GaUefy of Additions to the collections included 

Egypto^Arabic bookbinding, Chinese bron^, Arabic and East Per¬ 
sian calligraphyj Chinese and Peistan ceramics, Persian manuscripti 
Pei^ian and Teneto-lBlatnic metalwork, Clunese, Indian, and Persian 
painting, Chinese sculpture, and Qiinese Eilvcr. Curatorial work of 
the staff was devoted to the study of new acquisttions and to general 
researoh work within the coUections, as well as to the preparation 
of material for publication. Reports were mad^ on more than 2,^000 
objects submitted for examination by other institutions and by indi¬ 
viduals. Work connected with the war included assistance given the 
Office of War Information by a staff member 4 days a week for 0 months, 
and the revision of ofUclal Government publications on China and 
Japan. The Gallery has heretofore been open to the public every day 
eSkCept Monday, but beginning January 20j 1045, it was open 7 days 
a week* The yeaPs visitors totaled 72,1 &6. Staff members gave 12 
lectures during the year before various organizations. Among the 
changes in personnel were the appointment of Richard Ettinghausen 
as associate in If ear Eastern art, and the detacliment from the Gallery 
of John A. Pope, associate in research, for active duly as Captain, 
United States Marine Corps Reserve. 

of Am^con Ethnology.—T>r. M. W, Stirling^ Chief of the 
Bureau, devoted 5 montlis to continuing tlie work of the Smithsonian 
Institution-National Geographic Society archeological project in 
southern Mexico. Reconnaissance work located a number of archeo¬ 
logical sites, and excavations were conducted on a large earth mound 
covering a complex stone-masoniy structure in Chiapas near the town 
of Ocozocoautla. A new large site of the La Venta culture was dis¬ 
covered on the Rfo Chiquito in southern Yeracmz. It contained two 
large mound groups and a number of carved mommienta;, uiclnding 
the two largest La Venta colo^l heads yet founds Dr, Jolm P, Har¬ 
rington spent a large part of his time in translating letters and docu* 
merits in obscure languages for the Office of Censorship^ In addition^ 
he prepared 12 articles on American Indian linguistic subjects* Dr. 
Frank H. Roberta, Jr., continued his studies of the Folsom material 
obtained from tlie Lindpumeicr site in northern Oalorado, including 
comparisons with artifacts from other early sites in the New World, 
—2 
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Dr. Roberts ser'ecd fis liaison between the Smithsonian Institntion 
and the Committee for tlie Recovery of A-rchaeological Remains^ an 
organization repre^nting several societies interested in the preserva¬ 
tion of aboriginal materials that are in danger of being lost through 
the flooding of river areas by powEtniain construction. Dr, Henry 
B. ColIinSj Jr., served as Director of the Ethnogeographie Board after 
the resignation of Dr* Strong. He also attended a meeting In Mon¬ 
treal to organize the Arctic Institute of North America, formed to 
promote scientific research in Alaska, Canada^ and Greenland; later, 
as one of the governors of the Institute;, he attended other meetings 
in Montreal to formixlat© plans for its operation* Dr* William N* 
Fenton continued his work as research asaocLato of the Ethtiogeo- 
graphic Board, completing sis reports on a survey of Army training 
programs in Anicrican universities. Toward tho end of the year Dr* 
Fenton resumed his studies on the Iroquois Indians, visiting the Six 
Nations Reserve near Brantford, Canada. Dr. H. G. Barnett con¬ 
tinued his studies of the general problem of cultural change, especially 
as related to Indian tribes of California, Oregon, and Washington, 
and one publication on thiE subject was nearly completed. Dr, Gordon 
Ep Willey devoted a large part of the year to editorial work on the 
Handbook of South American Indians. He also studied and com¬ 
pleted fl report on several large collections of archeological specimens 
from southern Florida. The Institute of Social Aiitliropology, an 
autonomoUE unit of the Bureau under the directorship of Dr. Julian 
H. Steward, continued its program of cooperative teaching and field 
researches in Mexico and Peni, and an agreement was reached during 
the year for similar work in Brazil. Under Dr. Stewsrd^s edJtorahip^ 
the Handbook of South American Indians progressed materially. 
Volumes 1 and 2 were in proof, volumes ^ and 4 were completed and 
sent to the printeri and the fifth and last volume was in the final stages 
of preparation. 

Intemati&fuil E^chanffe^.—Th^ International Exchange Service is 
the official agency of the United States for the exchange of govern- 
mental and scientific publications between this country and all other 
countries. Tlio number of packages pairing through the Exchange 
Service during the year was S8tj,75e, with a total weight of 211JGO 
pounds. The franking privilege in transmitting packages through 
the mails was di^ontinued by the Post Office Department during the 
year, resulting in nn increase in the cc^ts and work involved in hnu- 
dling such packages. Although the war in EurDi)e ended toward tlm 
latter part of the year, it was not possible to resume exchange con- 
Bigrtments to liberated countries by the close of the year. Accumula¬ 
tions for France, Italy, and Belgium, however, were forwarded through 
tho Office of War Information, and those for Sweden, Palestine^ and 
Egypt through tho United States Despatch Agent in New York. 
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Begukr consijTnments were sent during the year to all countries in tho 
Western Hejnispliere, and in the Eniftam Hemisphere to Great Britain 
and Northern Ireland, Republic of Ireknd, Portugal, Union of Soviet 
SocialistRepublics,Africa, Iiidin,Austraiia,andNow Zealsnd. Ship¬ 
ments to other countries will be resumed as soon as conditions permit. 

National Zoological Pori.—'i'he eshibition collection of animals 
lias been maintained in good condition during the year, but to accom¬ 
plish this with the serious shortage of personnel that prevailed, Bomo 
phases of tho care of the Park had to bo neglected, and no improve¬ 
ments could be made. Increased personnel is the most urgent need of 
the Park. Visitors to the Zoo numbered 3,3S5,dl4 for the year, a con¬ 
siderable increase over last year. Among the interesting specimens 
presented to tho Park were a psiir of Solomon Islands cocliatoos, a 
red-sided lory, thi’eo wallabies, a pigmy galago and two greon fruit 
pigeons from the Gold Coast of Africa, a collection of brilliant cago 
biids from Coatn Rica, and a pair of the rare antelope, Otyx beatrintf 
from Saudi Arahin. A list of the donora of specimens will be found 
in the full report on the Zoo, appendix 7. Notable among the births 
at the Park were a hybrid gibbon, a giraffe, and four ehinchillao. Al¬ 
together, 58 mammals were bom, and 21 birds were batched. At the 
close of tho year, the collection eontained 2,623 individuals represent¬ 
ing 686 Bijeciea, 

Astrophysical Observatory.—De. C, G. Abbot, for many years Di¬ 
rector of the Obsei-vatoiy, retired from administrative duties on 
June 30, 124-1, but will continue his investigations as research associ¬ 
ate. L. B. Aldrich was named Acting Director, and on April 16, 
1245,succeeded to tho directorship. In tho Division of AstrophysicaJ 
Research two sets of experiments were carried out at the request of 
the OlGco of tho Quartermaster General to determine the surface 
temperatures attained by various samples of military clothing under 
conditions similar to those of actual lield use. Toward the close of 
the year another study was undertaken for the Quartermaster Gen¬ 
eral of the radiation from sun and sky at Camp Lee, Va., in connec¬ 
tion with tests being made at the camp. Much time was devoted to a 
compilation of all solar-constant values for the period October 1939 to 
January 1945, an extension of the table published in volume 0 of the 
Observatory’s Annals. A study of these values, which cover a com¬ 
plete double sunspot period, showed a diametrically opposite relation¬ 
ship between solar-eonstant values and sunspot numbers in the two 
halves of the penod. Studies were continued of the effects of solar- 
radiation cbntiges upon atmospheric circulation and related problcnis. 
Observations of the solar radiation were continuetl at the three field 
stations. In the Division of Radiation and Organisms, war re¬ 
searches on deterioration of cloth, cardboard, and wire insulation by 
molds and by ultraviolet light were concluded. The termination of 
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this emergency work pertnitt€d the resumption of studies on photo¬ 
synthesis ond on tha wave-length ejects of light on growth. Work 
was also taken up on the influence of light on the respiration of the 
grass seedling, tlie course of development of the grass seedling as 
inQuenced by various factors, particularly radiant energy, and the 
reducing sugar content of etiolated barley seedlings as influenced by 
light. 

THE ESTABEJSIDIENT 

The Sniithsotuan Institution was created by act of Congress in 
1846, according to the terms of the will of James Smithson, of Eng¬ 
land, who in 1836 bequeathed his property to the United States of 
America found at Washington, under the name of the Smithsonian 
Institution, an establishment for the increase and diffusion of knowl¬ 
edge among men,” In receiving tlie propeidy and accepting tlie trust, 
Congress determined that the Federal Government was without au¬ 
thority to administer the trust directly, and, therefore, constituted 
an ‘^establishment” whoso statutory members ore “the President, the 
Vice President, the Chief Justice, and the heads of the executive 
departments.” 

THE BOAED QE BEGENTB 

During the year the following changes occurred in the personnel of 
tho Board of Begonta: 

January SO, 1945, Harry S. Truman assumed office os Vice Presi¬ 
dent of the United States, vice Henry A, Wallace, and thus became, 
ex officio, a member of the Board of Begonts. On April IS, 1945, ilr, 
Truman acceded to the Presidency, on the death of President Boose- 
velt, the resulting vacancy in the office of Vice President creating a 
vacancy on tlie Board of Regents. 

March 1, 1045, Senators Wallace II. White, Jr., of Afaine, and 
Walter F. George, of Georgia, were appointed regents to succeed the 
late Senator Charles L. MeXary and former Senator Bennett Cliamp 
Clark, respectively. 

January 29, 1945, Representative B. Carroll Reece, of Tennessee, 
was appointed a r^ent to succeed former Representative Foster 
Steams. 

The coll of regents at the close of the fiscal year, June 30,1945, was 
as follows; Harlan F. Stone, Chief Justice of the United States, 
Chancellor; members from the Senate-^Alben W, Barkky, WaUace 
H. White, Jr., Walter F. George; members from the House of Repre¬ 
sentatives—Clarence Cannon, Edwaixl Et Cox, B. Carroll Reeca; citi¬ 
zen members—Frederic A. Delano, Washington, D. C.; Roland S, 
Morris, Pennsylvania; Harvey X. Davis;, Xew Jersey; Arthur H. 
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CoraptoD, Illinois; Vannevnr Bush, Wnshington, D. C.; and Frederic 
C. WiUcott, Connecticut. 

Proceedinffi ,—^Tlie annual meeting of the Board of Regents was 
held on Jiuwnry X2,1945, with the following members present: Chief 
Justice Hurinn F. Stone, ChEincellor; RcpresentatiTe Clarence Can¬ 
non ; citizen regents Harvey N. Davis, Arthur H* Compton, and Van- 
nevar Bush, and the Acting Secretary, Dr. Alexander Wetmore. 

Tlie Acting Secretary presented the annual report covering the 
activities of the parent institution and of tlie several Government 
branches, including the dnandal report of the executive committee, 
for the fiscal year ended Juno 30, 1044, which was accepted by the 
Board, llie usual resolution authorizing the expenditure by the Sec¬ 
retary of the income of the Institution for the fiscal year ending June 
30,1046, was adopted by the Board. 

The annual report of the Smithsonian Art Commission was pre¬ 
sented by the Acting Secretary and accepted by the Board. The 
Commission on December 5, 1944, held its first meeting since the com¬ 
mencement of the war, and took action on the acceptance of numerous 
works of art which had been offered to the Institution in the interiru, 
including a number of paintings which had been purchased by the 
Council of the National Academy of Design from the fund provided by 
the Henry Ward Ranger bequest and were eligible for acquisition by 
the National Collection of Fine Arts under the pro visions of this 
bequest. Vacancies on tlie Commission were caused by tlie death of 
Charles t<. Boric, Jr.. John B. Lodge, and Frederick P. Keppcl, and 
the Commission rcconimended to tlie Board the names of George 
Hewitt Myct«, Archibald G. Wenley, and Hubert Woods Bliss to 611 
these vacancies, the recommendations being approved by the Board. 
Paul Mnnship was elected chairman of the Conunission to succeed 
Mr. Borie, and Dr. Alexander Wetmoro was elected secretary. 

In connection with the proposed centennial celebration of the lusti-* 
tution during August 1946, the appointment of the following com- 
mittees was announced: By the Chancellor, regents Bush, Delano, and 
Walcott, with the Chancellor as chairman; by the Acting Secretary, 
Messrs Graf, Clark, True, and Roberts, vrith the Acting Secretary 
as chairman. 

A report was received from tho siiecial oommitfee of regents ap¬ 
pointed at the last annual meeting of the Board to consider the policy 
of the Institution with respect to the tenure of office and retirement 
provisions for the office of Secretary, and the several recommendations 
made by the special committee were adopted by the Board. In ac¬ 
cordance with this procedure, the resignation of Dr. Charles G. Abbot 
as Secretary was accepted, and he was, by resolution, appointed as 
research associate of the Institution. 
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The Board then adopted a resotution electing Dr> Alexander Wet- 
more as Secretary of the Smithsonian Institution. 

Besolutions wej>e adopted by the Board regarding a study of the 
business management and future policies of the Institution. 

In a special statement Dr. Wetmore outlined to the Board recent 
activities carried on by all branches of the Institution. 

PINAKCES 

A statement on finances will be found in the report of the executive 
committee of the Board of Begents, page 115. 

OENTENNIAIi CELEBRATION 

August 10^ I04fi» will be the one-hundredth birthday of the Smith¬ 
sonian Institution. On that same date in 1846 the net was signed that 
established the Institution, culminating 8 years of debate in Congress 
as to how best to carry out the wishes of James Smitlison, the English 
scientist who bequeathed his fortune to the United States of America 
“to found at Washington, under the name of the Smithsonian Insti¬ 
tution, on estahlisluncnt for the incresise nnd diffusion of knowledge 
among men.’^ In a Imman life the passage of a century brings vener¬ 
able old age and usually the eud of useful activity; for an organization 
such as the Smitlisonian it merely marks the end of a conventional 
peHod of time and tlie beginning of a new period which must gee the 
Institution continue to develop and expand in the furtherance of its 
stated objectives. 

Such an anniversary dearly calls for a fitting celebration, and for 
the post sei'erol years plans have been shaping up. About tlia Iitup 
tJiese plans would have crystallized, however, the Nation was forced 
to go to war, and all such matters had to be held in abeyance. With 
the end of the war definite plans will be announced by tlie committee 
of tlic Board of Bogcnts appointed to select the final form that the 
celebration will take. 

THIBl'EEXTH ARTHUR LECTURE 

Under the terms of the will of the late James Arthur, of Now York, 
the Smithsonian Institution received in 1661 a fund, part of the in¬ 
come from which diould be used for an annual lecture on some aspect 
of the science of the sun. 

The thirteenth Arthur lecture was given by Matthew W. Stirling, 
Chief of the Bureau of American Ethnology, on January 17, 1046, 
under the title “Sun Lore of the Indians;.^^ The lectore will be pub- 
lislied, with illustrations, in the Beport of the Smithsonian Institution 
for 1046. 
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PUBLICATIONS 

One of the SuiLtlisoniaii iRstitution's primary fiinctioiiB, tlio diffu¬ 
sion of knowledge, is carried out chiefly by means of its several series 
of publications. These record tlie resul ts of onginal resea relies by 
members of the staff or by outside scientists working on the national 
collections under direction of the Institution. The Smithsonian An¬ 
nual Heport contains each year a selection of original or reprinted 
articles presenting new developments in nearly ail brandies of sdence; 
it continues in wide demand by librariansj teachers, and individuals 
interested in tlie progre^ of science. The vital importance to a nation 
of tlie vigorous promotion of science was dramatically demonstrated 
during World War II, and such scinipopular reviews of science prog¬ 
ress as the Smitlisonian Hepoite have played a definite part in building 
the popular understanding and appreciation of science tliat is essential 
to its healthy growth. 

The series of Smitlisonian War Background Studies was brought 
to a conclusion during the year with the appearance of No. 20 on China, 
by A. G. Wenley and John A. Pope^ and No. 21 on the Aleutian 
Inlands, by Henry B. Collins, Jr., Austin H- Clark, and Egbert M- 
Walker. The widespread demand for the pamphlets continued, from 
Army and Navy organizations and personnel and from civilians. The 
largest reprint order so far i^sived, totaling 190,000 books, was from 
the Army for use in orientation of officers and men transferred from 
Europe to the Pacific theater. The titlca and authors of the entire 
series, which covei'cd nearly every country mid island group in the 
Pacific war area as well as other regions and special war topics, will 
be found in the report on publications, appendix 10. 

Among outstanding publications of the year may be mentioned one 
by former SeciL^tary C. G. Abbot on ^^Wealher Predetermined by Solar 
Variation,” in the Smithsonian Sriscellanoous Collections; ‘^Summary 
of the Gd lections of Amphibia ns Made in Mexico under the Walter 
BnthU>ue Bacon Traveling Scholarsiiip,^^ by Edward H. Taylor and 
Hobart M. Smith, and ^"Eeview of the Spider Monkeys,” by Reming¬ 
ton Kellogg and E. A. Goldman, In the Proceedings of the National 
Museum; and ^'Houses and House Use of the Sierra Tarascads,” fay 
Ralph L. Beals, Pedro Carrasco, and Tliomos McCorklc, the fii-st pub¬ 
lication of tlie Institute of Social Anthropologj. 

A total of 66 publications wens issued during the year, and 141,635 
copies of publications: in alt series w'ere distributed. 

UBRAHT 

Demands on the Smithsonian library by the Array and Navy de¬ 
clined as the war drew to a close. On the other band, receipts of 
foreign publjcatlons began to increase toward the end of the year. 
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and it become apparent that some £uropeaii learned societies and 
muMuins had been able to continije publication throughout the war 
period. The rare books and manuscripts removed from the Institu¬ 
tion early in tbe war to Washington and Lee University were safely 
returned during the year. Usually, the need for current scientific 
books makes it impossible for the library to purchase the older volumes 
needed for reference, but this year it was fortunate in being able to 
acquire a considerable number of these valuable old works, some of 
them dating b^ to the seventeenth and eighteenth centurite. As 
usual, the Institution received a large number of gifts of publications 
from individuals and organizations. The library’s most urgent need 
is wlief from the overcrowding of the shelves in all the Institution’s 
buildings. The year’s accessions totaled 43^ items, bringing the 
library’s holdings to 918,460. New exchanges were arranged to the 
number of 218, and 6,671 “wants” were received. Volumes and pam¬ 
phlets cataloged numbered 6,512, and Joans totaled 10,833. More than 
2,600 volumes were sent to the bindery. 

BespectfuUy submitted. 

A, Wetmohi, Secretartf. 



APPENDIX 1 

REPORT ON THE UNITED STATES NATIONAL MUSEUM 

Sm: I have th€ honor to submit the following report on the con¬ 
dition and operation of the United Stated National Museum for the 
fiscal year ended June 30^ 1&45. 

Appropriations for the maintenance and operation of the National 
Musenin for the year totaled whicli was $8,905 more than 

for the previous year, 

THIS uvmun rK WxVhtoie 

It was- with considerable relief that we were able duruig the year to 
bring back to Washington the thousands of TaUiable type specimens 
and other irreplaceable objects that early in the war had been re¬ 
moved from the Capital for safekeeping in the event of enemy air 
raids on the city. Return of tins material, which aggregated more 
tinm 60 tonSj vpa $ completed in November 1044^ and by the end of the 
year most of the specimens had been reinstalled. 

As in previous years since 1041, all possible efforts of the staff were 
concentrated on projects related to the prosecution of the war, di¬ 
rectly or indirectly, tliough naturally these Its&ened toward the close 
of the year^ as the end of the war became inuninenL Again tins year 
several members of the staff were called upon for work in connection 
with the Department of Statens program for cultural cooperation with 
the other American republics. This entailed travel and study in 
Mexico and Haiti^ respectively, by two Mn^um anthropologista, and 
in Chile by the curator of insects. Strategic geological work was 
conducted in Mexico in cooperation with the Geological Survey; and 
biological investigations in Panam£ were made for the War Depart¬ 
ment by two Museum ^aff members. Others undertook specific re¬ 
search projects directly connected with the war and its attendant 
disease, food, and other problems. Still others were granted fur¬ 
loughs for military service or for work with the Office of Strategic 
Services and other war agencies. Hundreds of specimens were iden¬ 
tified for the Army and Navy, and special attention was given to ma¬ 
terial sent in by members of the armed services from remote comers 
of tlie earth where few or no collectors had previously been. All 
these activities add up to oonaiderable when their far-flung results are 
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actually eyalunted, and the Museum staff may he justly proud of 
its part in the war effort, which now has ended so victoriously. 

OOLLECmONS 

Tlie Museum collections were increased during the year by 
specimens, which were included in 1,5C3 separate lots. The five de- 
partments registered specimens receired as follows: .Anthropology, 
6,042; biology, 197,402; geology, 23,770; engineering and industries, 
3,199; Iiistory, 1,740. Most of the accessions were acquired as gifts 
from Individuals or as transfers of specimens by Government de¬ 
partments. The complete report on the Museum, published as a 
separate document, includes a detailed list of the yearns accessions, 
but tlie more important are summarized below. Catalog entries in 
nil departments now exceed 18,000,000. 

Anthropolo^jf^^Tiie largest lot of archeological material acces¬ 
sioned during the year consisted of 5,CT? specimens excavated from 
Indian village sites in Scott and Lane Counties, Kans., in 1030 by 
Associate Curator Waldo K. Wedel. Other Kansas material included 
343 archeological specimens from the collection of the late l>r. Nor¬ 
man L> Boberts, of Topeka. Specimens of interest from out of the 
country included 2 painted Neolithic jars from Chinn and 10 Kosca 
and Early Chimu vessels from Perd. In the field of ethnology, the 
year’s accessions came especially from the Northwest Pacific coast 
and Alaska, Micronesia, Polynesia, Solomon Islands, New Guinea, 
Burma, China, Ecuador (Jivaro Indians), and North America (sev¬ 
eral Indian tribes), many of them through the interest and efforts of 
men in the armed services. An important contribution to the Mi cro¬ 
nes inn collection was a large model outrigger canoe {haurua) from 
Tarawa in the Gilbert Islands. Another interesting addition was a 
royal Hawaiian cape (aAuif^o), fuHy feathered with black and yellow 
feathers of the oo bird and red feathers of the iiwiL An Arab costume 
presented to Gen. 11. H- Arnold by tlic King of Saudi Arabia was lent 
to tbe Museum by General Arnold. The section of period art and 
textiles received througii deposit from the Smithsonian Institution 
the valuable and well-known Arthur Michael collection of early Amer¬ 
ican silver, representing the work of 121 silversmiths of the Colonial 
and Federal periods (1675-1850), among whom are John Coney and 
Paul Revere. Tins outstanding bequest was placed on exhibition in 
the lobby of the Natural History Building. Notable gifts to tlie di¬ 
vision of physical anthropology included 22 Bkeletons from Anwhitka 
Island, Aleutians, 35 embryological specimens, and the well-known 
skull of Bomo ifovusrrtvndvs found near Folsom, N. Mex., in 1935. 
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—Important collections of mammals came from tUe lado- 
Pacific region, including species heretofore unrepresented m the col¬ 
lections from Australia and tho Philippines, and from PaiiamEu 

A collection of nearly COO birds came from Panama, ^ from Ceylon, 
and about 100 from Admiralty Islands, the lost being a region here¬ 
tofore unrepresented in the Museum's collections. Other avian mate¬ 
rial received included 45 bird ski ns from Kiasao Island, Solomons; S 
specimens of Venezuelan birds; the type of a new subspecies of black¬ 
bird, Affel<U‘ut wanth^us from Puerto Rico; and 62 bird 

skins from cstreme eastern Brazil. 

Noteworthy additions to the herpetological collections came from 
Panama, Haiti, Trinidad, Sierra Lmne, Virgin Islands, Ceylon, and 
New Guinea. Four accessions, comprising about 700 specimens of 
ie2>tilcs and amphibians from the Indo-Pacilic region, were received 
from the Naval liledical School, Bethesda, Md. 

A bramble sliark received during the year represents, so far as 
known, the only specimen of this shark in any North American mu¬ 
seum; it was washed ashore on the California coast. Exchanges 
brought many valuable fish specimens to the collections, including 12 
paratypes of Venezuelan fishes. Fifty-eight Cuban fi^es, including 
43 paratypes, ive re recei ved as a gi ft. The 1 argest single ichtbyolcgical 
edition of tlie year comprised 1,160 specimens collected for tlie 
Museiun from the Perlas Islands, Panamfi. 

Most important of the year's insect accessions was the large amount 
of mosquito material received from various units of the Army and 
Navy, Aside ftmn this, the outstanding addition of the year was the 
Dayton Stoner collection of Scutellcroidea, accompaniod by a consid¬ 
erable series of Coleoptera and other insects. In addition, about 3,000 
insects of all orders were collected for tlie Museum from the Perlas 
Islands, Ponamd, and 1,600 from Chile. The Department of Agricul¬ 
ture transferred 72,000 insects to the Museum. 

Sis of the year's accos^ons brought type material of marine inverte¬ 
brates, representing new species of parasitic copepods, crayfish, a para¬ 
sitic isopod, and a turbeliarian worm. Besides, a large collection of 
marine invertobrates came from the Perlas Islands, Fanamfi. 

In mollusks, tho year's largest accession, 26,000 specimeos, was col¬ 
lected for the Museum in the Perlas Islands, Patiamfi. Other note¬ 
worthy molluscan additions were 200 si:iecimens of sbtpworms from 
the Canal Zone, about 300 Mexican land, fresh-water, and marine 
shells, 385 land shells from Piinomi, mom than 600 shells from the 
Pacific region from the Naval Medical School, and nearly 2,900 shells 
from various Pacific localities received from 16 members of the armed 
services. Helminths added during the year included parutype and 
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cotjpe materiftl of 10 new forms, 13 specimens from New Guinea^ and 
101 specimens from the Per las Islands. 

Among the echinoderms received was an example of Uie starUsb 
Linekia rosevibergi from the South Pacific, not seen since originally 
described in 1866, and 85 other specimens from Biak Island, the first 
echinoderms ever received by tlie ^luseuiu from that part of the world. 
Thirty-four corals were received from five servicemen in the Pacific 
region. 

Botanical material came from many parts of the world and in vary¬ 
ing lots and quantities. Perhat>s the most important accession in this 
field was a set of 8,000 photographs of plant tj-pes in liluropean her¬ 
baria (mostly in the Berlin Herbariuin), purchased from the Chicago 
Natural History Museum. Other important accessions included two 
lots of plants from Colombia, totaling 3,720 specimens; about 1,400 
plants transferred from the United States Department of Agriculture, 
of which 1,260 are from northern Biitzil; 111 specimens and nearly 300 
photographs of type material of Creph and related genera; 622 speci¬ 
mens of Ecuadorian trees; several sizable lots of plants from Vene¬ 
zuela, Mexico, Martinique and Guadeloupe, Cuba, and Te4tas; and 1T2 
specimens of ferns, mostly from Pacific islands. In addition, about 
6,400 plant specimens of many kinds were received in exchange with 
otlicr institutions, lioth North and South American. Diatom material 
was received from two remote places: 10 samples from various deposits 
at Oamaru, New Zealand, and 2 samples of planktonic species from 
near Attu Island in the Aleutians. 

Oeologifi —Income from the Canfield and Boebling funds continued 
to supply rare and valuable gems and mlnevals for the collections. 
The finest specimen so far recovered of tlie new mineral brazil!anite, 
from Arrasuahy, Brazil, was among tlie four accessions credited to 
the Canfield fund during the year. Through the Roebling fund 10 
accessions of minerals and gems were recorded. Among the many 
gifts were 16 different-colored jade riii^ and a synthetic emerald of 
OO points, and from the United States Customs Service came a sertaa 
of 160 cut ston<s. The mineral collections also benefited by a number 
of very- fine pfts, outstanding among which were the James Douglas 
collection of copper minerals from Bisbee, Ariz., and the T, Sterry 
Hunt mineral collection. Sovoral meteorites were added, including 
the 1,164-pound Drum Mountain, Millard County, Utah, meteorite 
(through the Rwbliug fund) and an 81-pound mass of the Odessa 
meteorite. A suite of 23 nickel ores came from New Caledonia. 

In the field of invertebrate paleontology and paleobotany seven 
as many specimens were received as for the previous year, and several 
aooe^ons were noteworthy. Transferred from the United States 
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Geological BuTYej ivas the <»xtensiTe Paleomic collection made in the 
southern Appalachians by tlie geologist Dr, Charlee Butts, This 
collection, nmubering more than 10,000 apecimene and representing 
the accumulation of many years of field work, is highly important 
for the information it contains bearing on the stratigraphy of the 
Appaladxians. Another worthy transfer consisted of 3,500 Silu riant 
Devonian, and Cretaceous fossils from the Cano! Project, Canada, 
which came from the Chief of Engineers, United States Army. The 
Zimm collection of about 3,000 Devonian (Oriskany) fossils from 
Glenerie, N. T,, came to Uie Museum aa $ purchase through the Walcott 
fund. The collecting work of the curator, Dr. G. Arthur Cooper, 
brought in much important invertebrate material from the Ap¬ 
palachians and Me:^ca and will add a fair number of types to the 
collection- In addition, many gifts and exchanges of invertebrate 
fossils were received —too numerous to list here but representing many 
type specimens or examples otherwise of interest and value- 

The outstanding exhibition specimen received in the field of verte¬ 
brate paleontology w^as a composite skeleton of the large flightless 
pigeon Dodo ineptus from Mauritius, transferred from the division of 
birds. Skeletal remains of this extinct creature are exceedingly rare* 
A collection of 350 fossil sharks^ teeth and a nearly complete dental 
plate of the extinct ray M^Hobatis (Miocene of the Cliesapeake Bay 
region); a uiolar tooth of the northern elephant^ Mammmiiem 
primigeftmts; and an avian egg found feet below the surface of 
Tinian Island, Marianas, are accessions to the study series deserving 
special mention. 

Engineering and industries. year’s outstanding accession in 
this department was the first experimental jet-propelled pursuit air¬ 
plane built and successfully ([(nva in the United States. Designed 
and constructed by the Bell Aircraft Corp., it holds the unique position 
of being the first propellerless airplane in the Museum^s collection, as 
well m representing perhaps the greatest development in aeronautical 
engineering in the past decade. 

To the automotive collect ions came two unique gifts—a radial 9- 
cylinder Diesel engine, of the type designed for and used in the 
United States Army M3 light tank, and an original, beautifully pre¬ 
served 1002 Oldsmobilei Two accessions of note to the department’s 
iidio comnumications collections were a hfaixx>iii coherer, a device 
which formed the of wirele^ telegraphy before the invention 

of the electron tube, and an early (1911) spark transmitter^ designed 
for %vireles 3 oommunicatlon between an airplovte and the ground. 
Another interesting communications object added was an original 
electric telegraph fire-alarm and street box, such as was installed on 
the streets of Boston in ISJSl. 
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to textiles, an outetanaing accession was a historic document com^ 
prising the on^nal indenture of Samuel Slater, dated January 8 
1783, which he brought with him from England when at the age of 20 
he decided to try his fortune in America, Wartime textiles and 
thj^ iuspired by the war were represented in many gifts. To the 
aiUectioDs of early homecraft textiles there were added hy gifts and 
loans a number of noteworthy specimens of weaving, needlework, and 
supplementary items, 

A gift of historic importance to the section of chemical industries 
was a series of specimens of lewisite, American mustard gas, or “blister 
gas, and derivatives therefrom, all prepared for exhibition. Impor¬ 
tant additions to the wood collection were 20 samples from the Bussell 
Islands group of the Solomons, 12 from Brazil, and C3 from the Philip- 
pinra. In the division of medicine tJie outstanding accession was the 
entire equipment and fiirnidiings of an Old World apothecary shop 

? oU® *** collection, consisting of nearly 

1,„00 specimens, was gathered in Europe over a period of 40 yeare 
an^5 imique in completeness of original materials and in its variety 
Chief among the accessions in graphic arts was the unique gift of 
t^arles U, Dahlgrecn of 76 copper plates of his original work in 
etching, aquatint, and diypoint. These plates, many of which are 
in almost unused condition, were deposited with the division with the 
^de^anding that they are to be used to make prints, to be sold as a 
bmithsonian Edition, the proceeds to compose the Charles W Dnhl 
^en fund, which^ll be used to enlarge and improve the collections 
of ^aphic a^ ^ction of photography, among other valuable 
gifts, received a collection of rare old lenses of French, English, Gcr- 
luan, and ^lencan manufacture, and also the first portable motion- 
picture projector designed, patented, and made in 1012 bv Dr. H, A, 

\ ry, often referred to as “the father of visual education ^ 
jy^ory.-Perhaps the most outstanding addition to the historical 
^^tions was the pft of a series of 48 bronze statuettes of notable 
contemporaiy American public men, made from life bv the distin- 
gi^hed^ulptor Max Ealish. The scries is entitled ^Tie Living 

in the coshimes haU 

m the A^ and todustnes Building. Valuable additions to the cog- 

S*tS mite H ^ gowns worn by Mrs. Hubert Hoover 

maugural gowns worn by Mrs, Franklin D. 
Boosevclt and a cape worn by the Honorable Hamilton Pj,sh in the 

early nineteenth century^ There tras placed on si>ecial exhihltiri'n 

Brittmr^Ilrh • iou dRs»d ui the cMimie of 

'<• O™- D'ieht D. Ei».nhow,r by tho 
Aildnm of bo^dy u, gratitude for their liberation from the Ka^s 
Accessione to the nubt.,, ooUertione indoded m. offiro deek Imd cto 
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used by General Eisenhower in the European war zone in 1944, The 
usual number of interesting nuniismatie item^ were received^ includ- 
mg samples of recent mintages, and the philateljc collection was in¬ 
creased by specimens during the year. 

ESFLORATIONS AND HELD 

The principal studies in the field, like those of last year, related 
direcdy or indirectly to the war and have been considerably reduced 
below the usual level of times of peace. The results have been valu¬ 
able and have covered a variety of subjects. 

In continuation of the program for the promotion of cultural rela¬ 
tions with scientists in the other American republics in cooperation 
with the Department of State, Dr. E. A, Chapin, curator of insects, 
traveled in Chile for work in conn^tion with entomologists and en¬ 
tomological collections in that country. Upon his arrival in Santiago 
arrangements were made by the Cliilean Government for him to visit 
forested areasj both natural and artificial, tlie agricultural extension 
stations, and the agricultural schools in southern Chile between San¬ 
tiago and the Island of Chilo€. About 5 weeks were spent on this trip, 
and many important contacts were made. Although the season was 
unfavorable, some very interesting insects were observed and col¬ 
lected. The lost 3 weeks of Dr. Chapin's 2^month sojourn were spent 
in Santiago, whera considerable work was done on the Chilean na¬ 
tional eoUection at the museum^ Arrangemients were also made to 
render assistance to the Department of Agriculture in Chile in their 
white-grub work; and exchanges were arranged with certain col- 
ketora in Santiago. 

In connection with this same program of cultural cooperation with 
the American republics, Dr. T. Dale Stewart, curator of physical 
anthropology, went to Mexico on March 8, returning on June S3- The 
primar 3 " purpose of this trip was to give training in metliods of 
osteometry to the graduate students of the Escuela Nacional de Antro- 
pologfa. Owing to the recent activities of the Instituto do Antro- 
pologfa e Hi^orla, of which tlieEscuela and Museo Naoional are part, 
Mexico is now one of the leading anthropological centers in this 
hemisphere. 'Fhe subject of physical anthropology is handled by such 
able workers ss Div D. F* Ilubln de la BorboUa, the acting director 
of the Escucla, Sr. Javier Romero, curator in tlie Museo, Dr, Juan 
Comas, and Srta. Ada d^Aloja. Under them a number of young stu¬ 
dents are developing who already have had extensive field expei ience. 
In addition, Dr. Stewart was able to study a collection of skeletal re¬ 
mains in the Museo Naeional de Antropologia collected by Dr. 
Eduardo Noguera earlier in the year at Xochicalco. This collection, 
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although small, is unusually well preserved, aud contains interesting 
examples of tooth mutilation and cranial deformity. The teaching 
and research Buppleinonted one anotlier as the Xoehicalco collection 
was used for demonstration purposes, particularly as regards lestora- 
tion, sexing, aging, and pathological changes, hluch interest in this 
field of research has developed as a result of this work. 

A tliiid project was concerned with work in Haiti for the Museum 
by Dr. Alfred Metmu.’t, of the Institute of Social Anthi-opology, from 
September 18 to Kovember 30. His investigations concerned anthro- 
pologj- and were miitle in cooperation with the Bureau of Etlmologj 
of Haiti and the Scientific Society of Haiti. For a month Dr. M4- 
tnms conducted cooperative archeological investigations on Tortue 
Island in the north, and for another montli he was in Port-au-Prince 
engaged m lectures and anthroiiological investigations. During the 
entire period Dr, Metraus maintained close contact with the Scien¬ 
tific Society for wluch he orgnniEed seminars for the discussion of 
flutlirojKiIogy. 

In continuation of the ornithological reconnaissance of northeast¬ 
ern Colombia, M. A. Carriker, Jr., of Santa Marta, want into the field 
to complete examination of the valJey separating the Sierra Nevada 
de Santa Jifarta from the Sierra Perij4. At the end of the fiscal vear 
he had moved into tJie lower elevationa of the Sierra Nevada where 
this range extends to the east toward the Guajii'a desert. Eieellcnt 
results were reported in additional specimens for our rich collections 
fram this area. This work is financed by the income of the W, L. 
Abbott fund. 


A few local collections have been made by Dr, Leonard P. Schultz 
and Dr. Robert R. Miller, curator and associate curator of fishes re¬ 
spectively, who secured fossils at Scientists aiffs, on Chesapeake Bay 
and fiiies from various creeks in the State of Maryland, Several 
of die insect specialists have made citensive, largely local. coUections 
within their own gioups, some 3,000 specimens bdng added te Se 
national wlte^iona through these efforts, a number being forms new 
to the collMtioiis, specially in the case of coleopterous larvae and 
the Aleyrodirhie. Most of the alejTOfUd materia? was obtained by 
Miss Louise Russell frtmi preserved plant material at the National 
Hc^banum and in the Herbarinm of the New York Botanical Gaixlena. 

Dr. G. Arthur Cooper, curator of invertebrate paleontology, in 
company with Dr. Byron X. Cooper, of the Virginia Geological Sur- 
vey, carried on further investigations in the complicated geology and 

P far north 

Staunton, Va., to study facies 
i limestone (Cbarahei^burg formation) frem 

Its type area near Ghambereburg, Pa., to a point b the vicinity of 
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Stiitmton* Al)OUt 2 weel® were spent in the study^ which resulted in 
mteresting informatTon and good collections, 

A second trip extended these studio through the Ordovician rocks 
of southern Virginia and Tennessee. On this trip the two men were 
accouipanied by Dr, Raymond S- Edniimdson, also of the Virginia 
Geological Survey. The party begxin work about tlie middle of Oc¬ 
tober near Athens, Tenn,i and visited tyjie sections of Ordovician 
formations in Virginia and Tennessee to see if tlic Tetiticssec forma¬ 
tions could be recognized in southern Virginia. ITie party worked 
froui Atliens north to Knoxville, then went to Clinton^ Tenti., and 
worked frotn there to Cumberland Gap in northern Tennessee. From 
here they traveled for a short distance along the Cumberland Front 
and on to Natural Bridge^ and then to Harrisonburg to tie tJie studies 
into the work of the early part of the suminer* The work was com¬ 
pleted in early Novernber, 

At the end of Januaty 1M4 Dr. Alexander ’^Vetmorej with Dr. J. P, 
E. Morrison^ assistant curator of mollusks. os a^istant^ went to Pan- 
ftimi to inaugurate some biological inTestigations for the War Depart¬ 
ment which continued into the fiscal year 1245. Dr, Wetmore returned 
late in Maixhf IcavingDr* Morrison to continue the work until October, 
As one result the ^luseum now has extensive collections of birds, mol- 
I tjfiks j and reptiles as well as valuable lota in olher fields from some 
talauds of the Archipi^ingo do las Pfirlas that luive not been well known 
previously, 

XCLSOnLLAXEOOS 

increase of 127^*051 visitors to the Museum buildings 
• w^as recorded over the previous year, the totals being 1,730,716 for 
1045 and 1,532,765 for 1044. Aug;ust 1044 was the month of largest 
attendance, witli 183^^(>4 visitors; July, the second largest, with 177,- 
065, Records for the four buildings show' the following numbers of 
visitors; Smitlisonian Building, 342^762, Arts and Industries Building, 
674,020; Natural History Building, 531,712; Aircraft Building, 
181,822. 

Ptiblicati&ns . — Twenty Afuseum publications were i^ied during the 
year —I Bulletin {pt. 3 of Checklist of the Coleopterous Insects of 
Mexico, Central America, the West Indies, and South America, by 
Dr. Richartl E. Blackwelder), 1 Contribution from the National Her- 
Larium, and 18 Proceedings papers. A complete list of these publica¬ 
tions i& given in the report on publications, appendix 10, 

Special — Twelve special exhibits were held during the year 

tinder the auspices of various educationaJ, scientific, recteational, and 
governmonta 1 groups. In add ition, the depn rtment of engineering and 
industries arranged 24 special display12 in graphic arts and 12 in 
photogmphy. 

40 - 1 
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CHANGES IN OBOANiZAnOK AJOJ STAPP 

Changes during the year in the organizution and staff included the 
adv^cement of John E. Graf from Associate Director, United States 
National Aluseum, to the position of Asaistatit Secretary of the Smith* 
soman Institution on April 1, 1045, 

'^e departm^fc of anthropology lost, through retirement, Ricllaid 
U, Tame, ecientific aid m the diTbion of archeology, on February 28 
1045, and to this vacancy Joseph E. Caldwell was appointed on April 
9, 194 j, Rolwn A. Elder, Jr., was appointed assistant curator in the 
diviEion of ethnology on May 1ft, 1945, 

On the staff of the department of biology, an honorary appoint¬ 
ment was conferred on Maj. W. L. JellisoD. A, S, F., U. S, A. as 
collaborator in the division of insects, on August 2,1944. Other addi 
tions were the api«ii,tineiit of Dr. Raymond M. Gilmore, a^octate 
prater m the division of mammals, on September 2, l!>44; Jfrs Marie 

o'December 4^ 1944; 
Vi Ilham E. Hoffmann, associate curator in the division of insects, on 

August 18 1944, and Mrs Mildred S. Wilson, assistant curator 

invertebrates, on August 
h • employees left the service; one, James O. Maloney, 

Vk of manne invertebrates, resigned effective April 

15, 1945, and through retirement, John A. Mirguet osteolomst on 

■>' 8*4 on 

Tt rough ie rairoaeut of Xicholos W. Dorooy, .crouutMt irod 

F 1“”S tn the Museum, Thornes 

F. Clerk W.S edraneed to dll the veeenoy on June 10, IMS. Mrs 

S'iw“5^otiTutmTh^ ““for nn 

April 30, IWfc to Sll the position msde racent by the transfer of Sirs 

normic. 1, Wemeh to the Depertment of Agrieulturo „u Apia"; 

Other ehen^ to the admtoiettstive etaff during tile y«ir vreto th. 
resignations of Afra. Margaret M. Pflieger assi^ant ™.r.sU • ^ 

on Febrnary 28, 1945, and Mrs. Mnrgara^’rv^n^^ 
ant, on January 4, 1945. The^ vac^dL Jra 

tion of Armstead D, Hilliard and Gertrude R R Ro^d 

on March 1,1945, Gertrude R R. Bogdan, respectively, 

and on October 9 J 

of the paint shop, ^ Anderaon succeeded him in charge 

H,I94SiItob.r.IIKirk,H.ylM94S,.udjS^‘’;S^^::5: 
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12,1945. On February 26,1945, Oliver N. Annstcad was furloughed 
for military duty. 

llirough the operation of the retirement act, 11 employees were 
retired, as follows: For age—Mrs. Marie Arm, forewoman of char* 
women, on August 31,1944, with 32 years 3 months of service; Nicholas 
W. Doisey, accountant and auditor, on May 31,1945, with ^ years 3 
months of service; Richard G, Paine, scientific aid, on February 28, 
1946, with 44 years 4 months of service. For optional retirement— 
William Crossingham, mechanic (foreman of paint shop), on Sep¬ 
tember 80, 1044, with 4T years of servicej Harry Kaiser, mechanic 
(painter), on June 30,1046, with 86 years 10 months of service; John 
A. Mirguet, osteologist, on October 31,1944, with 35 years 4 months of 
service; £arl D. Reid, scientific aid, on Fehruaiy 23, 1945, with 34 
years S months of service; Clarence T. Taylor, guard, on June 30, 
1945, with 25 years 7 months of service; and Mrs. Eleanor C. White, 
scientific aid, on November 30,1944, with 26 years 8 months of service. 
For disability—James W. Bums, guard, on Miiy 31,1945, with 9 years 
11 months of service, and 'Winfield S. Dean, mechanic, on November 1, 
1944, with 18 years T months of service. 

Through death the Aluiieum lost during the year Louis H, Hanks, 
guard, on June Si, 1945, and Carter C. Wood, laborer, on April 2, 1945. 

Respectfully submitted. 

A T.T.T. yyTiBH WETMoaE, Director. 

The Secretabt 

Stnitkeonian Intiitution 


APPENDIX 2 

BEPOltT OX THE XATTOXAL GALLEHT OF ABT 

f?r V Board ot Tmsteea 

of the National Gdlleiy of Ait, the eighth annual report of the Board, 

t'ovenng its operations for the fiscal year ended June 30, 1945, This 
^rt IS made piitsuant to the provisions of the act of March k, 19ST 

OBQAKIZATtON AND STAjy 

Diming die fiscal year ended June 80,1043, the Board consisted of 
the Chief Justice of the United States, the Sccretuiy of State, the 
^cietaiy of tlie Treasury, and the Secretary of the Smithsonian 
Li^tution, ex officio; and five general trustees, David K E Bruce 

SS“Dlle'‘™”’°‘ 

At Its annual meeting, held on February 12,1945, the Board electpjl 
Samuel a Kress as President, suceeedi^g David k t' wS 
leaignod, and re-elected Ferdinand Lammot Belin as Vice P^dlu^t 

Huntlcstoii OUrao, Secretary Ttt-aaurer 

nuTld E, Finley, Director, 
natty A. UcTirEda, AdmlnJatrutor. 

Htt&tlngton Coltm, GcncniJ CCnnsel. 

Jtahn Walker, CMcf Cura tar. 

Uacaill Jamea, A^lgtant Dltector. 

“ 'W™»r to 

:^^i:sx:s=iwsss:iii 

=~ iS'S-.'S.tAS 
sr 

Ferdlnjind Ltuniuot BeltiL 

Wounoro 

32 
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COMUHtUP 

Secrot^T? of Qie Tneftsury, Uof^gonthoUr Jr.^ CEifilrnmn. 

Sujiiuel H. Kf^ Vice Clifittman. 

Ferxiiti-^ni] Xjumnot BcUn. 

DaTLd K~ E. Brtice. 

Cheater iJalc, 

ACQOieiT10?i3 OOUMITTEE 

Bainuel H. Krtss, Cliairmnii. 

Ferdinand Liiiusiot Belin, Vice Chalrtnoii, 

DiincttD Phillips 

Chester Dale. 

l>aTld E. Flnte^k el 

The permanent Government positions on the GnIIery staff are filled 
from the registers of the United States Civil Service Comini^on^ or 
with its approval On June 30^ 1&45, the permanent Government 
staff of the Gallery numbered 245 employees. Since the beginning 
of tlie war 61 members of the ^ff, or approximately 23 percent^ have 
entered the aimed services^ and during the past year 5 of these em¬ 
ployees have obtained their discharges and have returned to the 
Gallery. 

Tlio operating and maintenance staffs have been reduced to a 
minimum, owing to the fact that the Gallery has desired to curtail 
eiij^enditures and tlie use of manpower to the greatest possible extent 
during the %var period. Nevcrtlielesa, owing to tlio intensive effort, 
interest, and efficicriey of the employees^ it bus been possible to nmin- 
tain a high standard of operation and maintenance of the Gallery 
building and gi-ounds and protection and care of Gallery collections. 

armOFiuATioxa 

For salaries and expenses for the upkeep and operation of the Na¬ 
tional Gallety of Art, iltc protection and care of works of art acquired 
by the Board, and all administrative exixnses incident thereto ns 
authorized by the act of ’Sluvch 24j 1&3T (50 Stat. 5i), as amended by 
the public resolution of April 13, 1031) (Pub. Res. No. 0, 76th Cong.), 
the Congress appropriated for the fiscal year ended June 3t>, 1045, the 
sum of $642jGOO. This amount includes the regular appropriation of 
$634,000 and ti supplemental deficiency appropriation of $8,600 for 
increases in i>ersona] services and other Gallery expenses. 

From these iippropriiitionB the following expenditums and enemn- 
brances were incurred: 

EXPEhtDiTUUea ATTU S^^'C17MlltA?CCIV 


Personal servJcM_ ___ 211.01 

Prlnt^ni; anil bSiacitne--.. ---- - - 1,638,17 

Sui>plles and «ial]inieDr, etc ___ _ ____ _ 110,425. 88 

Cni^cuiabeTed luUmice^ ________ _ 124. (W 


Total 


04^m00 
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In addition to the aboTe-montioned Appropriations, tho Gallery re¬ 
ceived tho sum of $^,000 from tlie Deportment of State to cover 
expenses during the ilscal year of the Inter-American OGlco of the 
Gallery for the ptx>tnotion of art activities between the United States 
and the Latin American republics. 


attenoaxce 

During the year 1945 the Gallery enjoyed t!ic largest annual attend¬ 
ance since the building was opened to the public in 1941, the iiumber 
of visitors being 2,078,739, as compared with 2,060,071 in the fiscal 
year 1944, or an increase of 18,668. This is an average daily attend¬ 
ance of 5,711 visitors, showing the continuing popularity of the Gal¬ 
lery, The greatest number of visitors on any one day was 25,023, on 
Sunday, September 10,1944. 

Men and women in the armed services are visiting the Gallery in 
increasing numbers, accomitiiig for appraximately 35 percent of the 
total attendance. For relaxation they make constant use of the Serv- 
ioemen s Hoom, where writing and reading materiaJs are furnished 
them. 

file Sunday night openings, together with the Sunday evening con¬ 
certs offei'ed free of charge, continued throughout the year and con¬ 
tributed to the public’s interest Special exhibitions of contemporury 
art held during the jear, especially art produced by niembera of the 
armed services, Imve been unusually well attended. * 


PDBUCATrOSa 


Tlie most ambitious project of the Publications Fund of the Gaflery 
since its organization was the publication of the book ‘‘Masterpieces of 
Painting from the National Gallery of Art” in October 1944. The book 
contains 85 color reproductions of paintings in the Gallery collections, 
each matched with on interpretive passage fixmi the world’s literature 
and was edited by Huntington Cairns and John Walker, of the Gallery’ 
staff. The public demand for this book has been so great that a second 
edhion is now being printed, 

Ihe Infomation Hooras of the Gallery continued the policy of fur- 
nislimg moderately priced color reproductions of fine quality, and in- 
creased the ^»nety of portcards, portfolios, and illustrated catalogs 
BvadaWe to the public. A new edition of the General Information 
bwUet which IS of great assistance to visitors and may he obtained 

Information Booms, was issued 

collotype reproductions of paintings from the 
Gallery collections have been gradually adding to their iSs, and the 
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8 new reproductions completed during tlie j enr make a total of 221 
large reproductions offered for sale in the Information Booms. 

OOS^eTEUCTION 07 XEW GAU.mWS 

In keeping with reconuD^ndations of ths eotfiniittee on tli6 building 
and a resolution of the Bocird of TriislceB, it decidod to proceed 
with the finisliing of sis n&w gmlleriea, in order to make available addi¬ 
tional exhibition space now required, , 

Accordingly, a contract was entered into for the complotioiij with 
funds donated for the purpose, of galleries numbered M, 25, and £6 
in the west end of the building, in which will l?fi exhibited recent ac¬ 
quisitions of paintings and sculpture of Italian schools, and galleries 
numbered 5^5,5^, and 66, in the east end of the building, for exhibiting 
paintings of French and British schools. These galleries will fur¬ 
nished in a manner similar to adjacent gallery i^ooms, and it is con¬ 
templated that the work will be completed in the autumn of IJUS. 

amJEX OF WOHKfi OF AKT FHOSl PaOTZCTlTl STOHAGi: IN ElLTMOEE, N. C- 

It was decided by the Board of Trustees that the works of art in 
protective storage at Biltmore, N. C+, during the period of danger 
of air raids, should he returned to the National Gallery of Art, and 
this return wag effected on October 17—18,1944^ 

The works of art were brought back to Washington by motor van, 
under police protection, through the States of North Carolinii and 
Virginia, and the District of Columbia, and the trip was accomplished 
without damage to any of the works of art. The storage r™nis at 
Biltmore House were closed, and the sum of $10,li)'D.86, which was 
tlie unexpended balance in the working fund furnished to the Na¬ 
tional Gallery of Art for maintenance of the evacuation center, was 
returned to the Public Buildings Administration. 

In this same connection, it may be noted that the air raid protective 
measures m effect in the Gallery building have been discontinued. 

ACQUISmOKS 

Gi™ oar FAiSTxsoft iM> acULFme 

During tlie year the Board of Trustees received from Samuel H. 
Kress and the Samuel H. ICress Foundation 80 important Italian, 
French, and Dutch paintings and 26 pieces of sculpture, to be added 
to the other gifts of paintings and sculpture now in the Gallery* 

On September 25,1&44, the Board of Trustees accepted the portrait 
of “Chief Justice Harlan F, Stone” by Augustus Vincent Tack from 
Duncati Phillips, to be placed in the Board Boomn On the same date 
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Hie Board of Trustees accepted the portrait of “Joseph Ducau” hv 
Thomas Sully from Herbert L. Pintt. The Poani of Trustees, on 
AoTember IT, 1!)44, accepted the painting “Both Members of This 
Club by George Bellows from Chester Dale, and on January 2 1945 
the ^aid accepted two portraits, “Mrs, Chester Dale” and “Oiestcr 
Dale jjy George Bellows, from Chester Dale, the latter to be in- 
Jailed iij the Fender’s Room. A copy of n paiuting entitled “Ma¬ 
donna and Child wjth the Magdalen and Saint Jerome” by Matthew 
mtt after Correggio, was accepted ou February 13. 1945, by the 

naSHnit i'n ’ ^^ a<wipted from Mrs. HutUeston Rogeir the 

painting file Lackawanna Valley” by George Inncss. 

ntrre or fusts ano iiEAWi:^as 

iTie ^nrd of Trustees on September 25,1944, November 14 im 
November IS I W, May 2,1945, and June 23, 1045, accepted ^ giS 

be X?to'y r"‘" J. R^enwald,t 

remter-^ I9H, the Board accepted the original drawing “Shadow^' 
by Kerr tby from Kerr Eby, and the drawing “Prairie Titlark” by 
im fh^R Miss Martha Hogan. On November 1^ 

standing Fi^re by Lancret, and “Sheet of Sketches” by Lancret 
fimil Myron A. Hofer, n mezzotint of Reynold’s “L-idv Ttofiii r,^ 

by Sferyon, from ilyron A. Hofer. ’ ^ Strygc” 


SALE OB jticiLixnE OF WORKS or ajtt 
the Samuel H. K^PW^BHon fo^e ^ of Samuei H. Kress and 

Jr 

age 01 ftnmt John, the Evangelist,” and an etching by 
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HirschVogel entitled "Landscape Biiildingjsj’^ for a similar an- 
graving and a similar etching, now incitidcd in the Eo$enwald collec¬ 
tion at the National Gallery of Art, and bearing the same titles and by 
the same artists. 


IjOAN of works or art to the OALIEaT 


During the year the following works of art were received on loan: 

Arf£#J 


ProDi ChestjOF Dal^, Jfew York, N, T,! 

Le ChevuRer Loals EaaetWi <3e Montour--^ - Corle Van Loo, 

Th^ EioiM David _ -_Thomiis Sntly. 

Frofn Mca, Jean tie Belces 5 ^j, WaaMnfftonH D, G,! 

The Duchess of Parma and Her Daoghter 

_-_—-__J< 3 an Marc Nattier, 


FroQ] aiyran A. Holer, Waahln^oa^ D^ d: 


Nine prints and drewlagB 


From David Koppoi, Washtogton, D, C, ! 

Sketch of ___ 

The ___ 


'DiklnsbomiijlL, 

Gu^ 

ReynoMfl, 

Whistler. 

_, Oeor^ BcIIowb, 

_ _ Robert KantaeU, 


From Itohert Roseawald, jEmklntowD^ Fa, : 

ArlenUe Bronnt_ _ __^ TonlDnse^Lanttec, 

Anne-—--- George Bellows, 

Llea d^Atlna ____________ Eu;gene Delacroix. 

From Arnold Knaath, Ne^v Yorkt N^ Y. ; 

Qelonel Epes Sareent- ---- John Singleton Copley, 

Frohi Slaolej MortimeT, Jr„ New York, N, Y,: 

PortmU bust of a member of the Order a£ 

Raa logo __ _ _, After the manner of Leoae 

Leonl 

Portrait bast of a tafta ______ Attributed to TnlUo Xc^in- 

bard I, 

Madouaa aad ChlliL.- ______ Attributed toGhLberlL 

From Duuean Phillips, Washingtoa, D, Cv: 

Hjicbeth and the WUciieu,^__ _ _ A, P. Hlder, 

From LlenlODfint Frederick B. Pratt, Washing¬ 
ton, D. C.; 

George WnshltkgtDn _____^ _ Gilbert BtnarL 

Hattie botwcco the CTniled Stat^ and the 

_ ___ Thomim HlfctL 

Hnitle between the IFosp and the _ Thomas BEroh. 

From Lesolnff J, Boficnwuld, Jenhlntown, Pa,! 

Eecfl Homo HI (Christ PreeenteiJ to tbe 

Foople), — __ Bemhrandt 

Ecce Home VII (Christ Presooted to the 

People) ___ _ _ ____ __ __KemhrondC 

Frotii rauseaina and private coUeetors la Europe: 
palntlngis of the French eehool of the late 
eighteenth and nlnetoeBth centuries and 
IQI French drawlnpa. 
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LOAN OF WORKS OF AJTT BY THE GALl-EKV 


During the fiscal joar 1945, the Gallery loaned the following works 
of art for exhibition purposes: 


t’uriiailart Artttl 

To tlio Art TnstUnte of Chicago, Ctilcago, Dl.; 

UtH. Itlebard lutes-Gilbert Stuart, 

To the VlrgliiEn Siueeuai of Fine Arts, nJcbmoiid, 

Vq-; 


Nl&eten paluElnst^-..___Gilbert StiwrL 

To Uie Ctntiirj^ A^nooEaUati, New York^ N. ¥,: 

Chief Justice diaries Emns Au^atnsTIticontTnck. 

CbEef Juatioe Hnrldsi F"* Stone-^,^—_-_Augnsfits Yinceut Tuck* 

To tl*e Kluaciiiu of Ar^ Providence^ R. L; 

MrsL Rirhard SutM— -Gilbert Stonrt 

To the White Hoiw, VVashlngton, D* C,: 

George WMblhgton-----Ren.broadt Peale, 

Allies Day. May 1017-- Cldide H«i*sam. 

To the linlted Stall's Depiitment of Strife—B34iEr 
Leo Houne, Wa^ihEngtcij, D. €l! 

Daniel Webaler_--___ p. a. Healj' 

Seven prim a froni tie KoBenwald mUectlon. 


UJAXED WOHK 3 OF ART JlK'rUllXKO 

During the year the print '‘Saint Jerome beside a Pollard Willow” 
by Edinbraudt, lent to the Gallery by W. G. Bussell Allen, wua 
returned to him. 


EiunjiTiosTs 

The foUowing exhibitions were held at the National Galleiy of Art 
Guring the fiscal year ended June 30, 1945: 

Awericfla Battle Art PftluttnKs-RavflluHotiftrT War to Werld vv».r i 

Anny AJr J^cS! b^ATOfAlr^SS artls^T'*^'!^ '»J>«rarii.nE of Uie 

iirtlats,^ ffOra October l*i to November IQi 

*. W. "'swatacT Sitoi'il*"'' WWaaiT raHtoJoa. Ua Dr. 

Noreiniwr 10 . IW 4 , to 

and theHarfUli|^ttt«mote”cmI^o^^^ tl^MyPon A. Bofer collection, 

« irmwmore cclloctlon, from Novoitibcr JO, Itm. to May 8. im 








KEPOirr OF THE SECREITAEY 39 

Itnlian eSgliteontli^chirjr priota from the OoJlery's collectloii, twin Febrnnf? 
2a to my 21. 

ReSigloua prints mpeI from tJic GEiH^r^'a collectfon^ from liny 0 to 

June 1&, 1&I5- 

Printa nnd drawings from the Gfillery^ii conectfou and the Myron A- Hofer 
eolloctlon* from Mny 0 to June 

Pn In tings of The War ngmloet Jrtpnn liy Americnn artlats In the FnclUe areaB, 
from tlie Twasury Empartment, with the cooperatlop of the Army, Navy, and 
Marine Corps, aiiO trSfe Maga^lno, from May 27 to June 10.1W5, 

TEAVEJJKO KiimrrroNS 

During the fiscal year ended June 1D45, the following drawings, 
water colors, and prints were placed on exhibition; 

of Amcritan the Index of AmeflMiii Defllgn was iranfl- 

ffi'rred from Ehe MetwpnUtan Marcum of Art^ New York. K. Y., where it has heea 
OD Inan^ It contained MspecLal traTellng exhlhUlons which bad been airangcd by 
that Institution. The National Gnlleiy of Art bua snbseqTFently added four trav- 
clln;? exhibitions to thia tininber. EshlhUions from the collection bate been 
BbowQ at the foUowLng plaees during the haestl year Just end^: W^orccater Art 
MttHiHim ; ACetro^KvlitaD Muslim of Art^ Ohio ^tate Miiaeuiu; Jehu Herron Art 
InaMiute; Hliode Island Stale CoUe^jjet Cttlldren^a Musenm. Wnahlngtou, I>, H* 
Little GaltcJy, NorUi Canton, Ohio; Kanawba County Public Library; Baltiuioie 
Museum of Artj University of New Hampehlre; Fusadcna Art liistUute; and 
Uadoa Oallery'^ Ualversity of Wiscoaalu. 

ptirifa,“Spedlal exhlhltlaiia of prints from ibe Ro-senwald collect 
tlou were prepared and elrcnlated during the past Dscal year. These exhibit Ions 
wera held at CheUenbaui Art Center, Elkina Park, Pa.; the Print Clith rhUudel- 
phla t Philadelphia Musceiui of Art; John Herroa Art IneUtute, Indianapolis lod. i 
Phlindelphia Art Allluuee; Westeyan Uulverslty, Middletown, Conn. 

C:UET(H>IANSHTP OF FRENXH EXHIBITTON MATERIAL 

The Board of Trustees, cm February 1, IMB, relinquished its custo¬ 
dianship of, and transferred to the Provisional Qoveriunent of the 
French Republic in the United States, all works of art and eshibition 
material sent to the United States under the auspices of tlie former 
French Government for exhibition purposes at various places in the 
United States, including the World’s Fairs in New York, N. Y., and 
San Fiuncisco, Calif. 

VAlcions OAixfar activities 

During the period from duly 1, 1944, to June 90,1945, a total of 
51 Sunday evening conceits were given in the East Garden Court of 
tlie Gallery. The concerts were free to the public and were attended 
by capacity audiences. The National Gallery Sinfonietta, under the 
direction of Richard Bnles, played 11 concerts, with well-known guest 
artists appearing occasionally. The Gallery’s second American 
Music Festival of works of American composers was hold on four Sun¬ 
day evenings in March 1H5. 



40 


ANNUAL REPORT SMITHSONIAN INSTITUTION, ltl45 


The Sunday oight suppers for servicemen continued daring the 
year and weie enjoyed by approximateij 1,700 service men and women. 
Funds to defray the cost of the suppers were contributed by members 
of the Gallery staff and by friends of the Gallery. 

The film “Nationnl Gallery of Art” was made available during the 
year to IT individuaJs and institiitioits. 

The Inter-Ainerican Office has continued during the year to cany 
out the Latin-American art program of the Department of State 
tliroiigh eichange of ejchibitions, the diatribution of art materials 
and publicatio^, and the assembling of information on Inter-Amer¬ 
ican art activities. Major exhibitions were organized and sent to 
seven countries in Latin America. 

- empemtion of the Library of Congress, the Inter-Amer¬ 

ican Office edited the directory to Latin-Amencan art activities orig¬ 
inally prepared by the Archive of Hisi^anlc Cultuir, for publication 

Art Manual for the yearn 
19^-45, llie Inter-Amencfln Office has also compiled a list of ciroQ- 
lating exhibitions of Latin American art in the United States, which 
wiil be available for distribution in the early autumn of IMS 

A total of 183 special j^rmits to copy paintings in the National 
Gallery of Art were isued during the fiscal year 1945, and durint^ 
the same period 75 special permits were issued to photograph painting^ 

VUliATOfilAL DEPAHTMEXT 

The curatonal work during the fiscal year consisted of installing 
new gifts, particularly the additional items of the Samuel H KreJ 
collecteon, and reimtallation of the evacuated works of art returned 
from Biltmore N. C.; work on the new Galleiy catalog and the photl 
graphic t^rd of the Gallery collections; a^stin; the Amerkl^ 
Cotjjunasion for the Protection and Salvage of Artisric and Historic 
Monuments m War Areas by providing mforrnation on d.maS and^ 
looted works of art m war areas: assisting' In ** 

Ifof Painting from tile National GalW^^Art " 

** ot the Widener Collection of Decorative 

^ r ’ catalog and threo pamphlets in the series 

the collection; and the cataloging of 

™embere of the staff contributed 14 articles to neri- 
couection) with recommendation regarding their acceptability 
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for the collection of the Gallery; private collect ions were reviewed 
in connection with offers to the Qalleiy of gifts or loans; ISS eonstika- 
tions were held concerning more than 250 works of art bitiught the 
Gallery for expert opinion; 116 written and lOT verbal replies involv¬ 
ing research in the history of art were made to inquiries; and 8 visits 
were made outside the Gallery to view works of art for expert opinion. 

EESTOEtATlON AND EErAtE OF WORKS OF xlHT 

Witli the atithoriz&tlon of the Board and the approval of the Direc¬ 
tor and Chief Cumtoi% the necessary restoration and repair of works 
of art in the Gallery^s collection were made by Stephen S+ Pichetto^ 
Consultant Bestorer to tlie Gallery. All work was completed in the 
Bestorer^s studio in the Gallery with the exception of several works 
of art requiring uitention before they could witJi safety be shipped to 
Washington* D. C., and two paintings on which the work was of such 
a delicate and complicated nature that it had to be done in Mr* Pi- 
chetto*s New York studio. 

EDUCATlONAi* FROOEAltf 

The various prograitis conducted by the educational department con¬ 
tinued to bo i>opular- The Gallery tours of the collection attracted 
more tlmn 15^000 peoplcj and nearly 27,000 attended the two lO-minute 
lectm^ given daily on the *^Pjeture of the Week.” Tliis latter attend¬ 
ance i5 an increase of 5,000 over tlic fiscal year 1014. Illustrated lec¬ 
tures on 67 special topics were given iu the suilitonum by members 
of the educational and curatorial departments and by guest s}>eaker 3 . 

L1BHABT 

A total of 1^035 books and 299 pamphlets and periodicals were pre¬ 
sented to the Gallery; 0 books were pur^a^ed by the Giillcty; 5s020 
photographs and 45 slides were presented as gifts; 22 books, 08 pam¬ 
phlets, and 357 bulletins were acquired through exjchongc, and 20 sub- 
scriplions to periodicals were madEL 

FHcyroGaAPinc DEiMimtE^rr 

During Llie year the photographic laboratory of the GaJIexy made 
9,498 printSj 632 black and white slides, and 1,625 a>lor slides* 

OTILEB OUTS 

During the year gifts of books on art and related material were 
made to the Gallery library by Maj. Paul 51eLloii, Mrs. Jesse Isidor 
Straus, Col. and Jlrii. John Nicholas Brown, Capt. Cyrus R, Miller, 
the National Gaiter}^ of Canada, the Carnegie Institute, David K 
Finley, Ferdinand Lanunut BeliUi Sauiuei H. and G> Gallo- 
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way. Gifts of money tluiuig the fiscal year mb were made by Rich^ 
ard Bales, Mrs. Florence Becker, Mi-s. Dexter Brown, Mra. Eiizabetli 
Cwhdge Mrs. David E. Finloy, Sr., David E. Pinky, Mhcgill Jsimcs, 
ITio A. W. Mellon Educational and Charitable Trust, Mrs Lee War- 
ren, and Mrs, Gertruda Clark Whittall. 

AUDIT OF PBrVATn FUSDiS OF TtIK OALtEET 

An audit is being made of the privata funds of the Gallery for tiie 
fiscal year ended June 30, ms, by Price, Waterhouse & a., public 
a^imtants, and the certificate of that company on its examination 
of the accounting records maintained for such funds wiU be submitted 
to the Gallery, 

Respectfully submitted, 

F, L. Bziay, Actiitff P/^&ident. 

Dr, Aieiakdeh Wetmoee, 

Secretary, Smiths^an Imtitution. 



APPENDIX 3 

ItEPOUT ON TIIE NATIONAL COLLECTION OF FINE ARTS 

Sir : 1 Jtave tbc honor to submit the following report on the activities 
of the National Collection of Fine Arts for the fiscal year ended June 
30,1945: 

ATTEOrHlATlONe 

For the administration of tlie National CoUection of Fine Arts by 
the Smitlxsonian Tnstitutionj including compen^tion of necessary 
employcea, purchase of books of reference and periodicals, traveling 
expensesj and other necessary incidental csiwnscs, $17,WO was allotted, 
cf wliicb $5,008.45 was ei3q>ended in connection with the car© and 
maintenance of the Freer Galleiy of Ai't, a unit of the National Cob 
lection of Fine Arts* The balance was spent for the car© iiiad upkeep 
of the National Collection of Fine Arts, nefirly all of tills sum being 
requlml for the payment of salaries, traveling e.xpenses, purchase of 
books and periodicals, and necessary dtsbUTBements for the care of 
the collection. 

Tltn SJttTilflONIAK ART COM MISS 

m The twenty-second annual meeting of the Smithsonian Art Com¬ 
mission was lield on December 5, 1944. The annnal mcctingg sebed- 
ulcd for the two preceding years were canceled owing to crowded 
transportation and hotel facilities. 

The members met at 10; 30 a. m* in the Natural History Building, 
whorej as the advisory committee on the acceptance of works of art 
tliat hod been submitted since the last meeting in 1941, the following 
action was taken: 

AOC!f3T^ ItSn TITK K ATIONAL iJOUJCCTiON QP nKE aBTA 

on pfllnliulf. * by JdRii y\ Welfi N. A. (T941-IOJ20>. Gift uf Miss A. hL 

Oil palatUig. “Mist in Kiinali Cattyon, Utah," hj Ttionna Moran, 1S09. Uet- 
Df Mrst. Ecsslc R CrolTilt. 

Fi>nr oil lirUntln^: "Witter CarrlprR,'^ by DuTCneck; ''Portrait Group 

of Mra. Bnwlclns nad by Sir William Bcechoy; “Houio and the Cfliw- 

pzigap/^ by iUrbaril Wilson; and “Lfidj and Two Chlklren+'' by George Froderlclc 
Watm. m •quest of Keir, P, Wuni Denyp. 

on pa Lilt Lug, "Clearlag after SeplecDber Gale—^Malno Coast/” by H-ftward 
N. A. Hmity Ward Rangier bfniceai 

on r^lotlugi ^'Kiduru from the Furm,^ by Elliott Dai airfield, K. A, (185®^ 
HPtiry Wand Ranger 

on paLntinff. Portmlt,'^ by Will B. I/m-, N. A, ^855-1832). Henry Ward 
Ranger bi^uest. 
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Oil lotntlDg, “New 7eqr'« Shooter," hjr 0«r^ r.nicn (ifiGT-lSSS}. IJonry 
Ward Raagor 

Oil ptinttJTL^, '-me Sannon;* bj Oarl Mclcbcm l?f. A. Henrj 

WAtrl Bongar 

UlELlatur?, water wlor on Irery. *"Uiikiiowii Ijidy/' by Bovld BondOD. 01ft of 
Bgroard H. Cone. 

MInLqCTirep water color on iTory, '‘Robert OlEphiinti" by HapbEiel Peale, Beqaest 
of Mrs, Bertha E. Jaciuf>«. 

Miniature, water color on Itoit. "Elisabeth Qllphnut" (sister o( Robert), by 
James Pcalc. Bequest of Mrs. Bcrtbfi E, JaqucA 

Miniature, water color on iTotj. "Samu*! Love, Jr., of Snllsbui? Plantation, 
VlrsinJa," ly Robert Pietfl. Bequest of Admiral Rlebsrd Graham Darenport 


AULU'im ton THE surntaoNiAw itrsTiTtmott 


Pastel, “Poriratt of Mrs. Frank B. Noyes," by Juliet TbomiBaiL Gift of 
Frank B, Noyes, 

on painting, 'Tprlrait of Gen. Oeorge B. McClellan," as n aaftll child, by nn 
unknewn artist. Gift of Mrs, George B, itcClellan. 

Opaque water color. “A Bodhlsattra. Care 4, Bnsb " by Sarkis Katchadooriao. 

Gift of Nc^ban O- ShniaFgfan. 

Orlglnat pla.sier stetno, ‘‘Alexander Agassis," by Pniil W. Bartlett Gift of 
Mrs, PnnI W. BorGctt. 

Bronte, “ilead of Christ," by Flloinetio Melgarojo. Gift of Vice President 
Henry A. Wnlince. 

Two (lalian cnhlneta. Gift of Mrs. Frank a Noyes. 

Two blue vases. BeqDost of Miss Ida Howgiite, 

JaiMUL{^> lacquer eervlog dUh, Tokngawa period. Gilt of Hr. Edwin Rtrk. 

Large Celadon vase and a twir of Uing TusesL Gift of UHo EIboji Emmeison. • 


4CClEPTrD FOi THE ^ATtOt^JkL VCrWTWXlT nAl.j£E? 



The oiembcrt then proceeded to the oRices of Dr, Wetmnre, Acting 
&cretAt7 of the Institiitioq, for tile further proceedings, and the meet- 
mg wag railed to order by the vice djairman, Proi Frank Jewett 


Mather, Jr., as acting chairman. 



and Keppel were submitted and adopted; 



Oath on Decern- 

e^nc?e 1 ^^ and 
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That tlio CvmiuJsBloD d-esircs to record Its sluecro aorr^w fit the 
loss of Mr. Lodge. wJde axperlttice and exceptlonnL knowletlge of the art 
of the Far Eu.Ht, hU keen Judpneat of the ^^imUty of work^ of Art, nud Uta helpful 
Interetit In the affnErs of the CommlasLcit will he tutilly 

That tiaose r^lubton^ boapreod upon the records of the CotutuEs^on^ 
and that the Socratnry be reqnested to tafoini the family of Mr. Lodge of this 
action. 

’ff'hereaa, the Sailthsonlan Art Columt&slUD haa learned of the death oo May 
11 , 1043^ of Mr, Charles I* Borle^ Jr.^ a member of the Commlasloa since 111S0, 
and Eta Chalnnna since 1D35; therefore be It 

Ecnolred, That the Oounolsslort ilesirea here to record Us ^aecre sorrow at the 
passing d| Mr. Borle, an cmiueDt onzhitectp whoHe productions are a a cudnring 
monument to hla genius. lie was e^er ready with helpfut adyk-e La formulating 
the policies of the Smltli^oulnn Art Comniisaloa and the XatEonal CollocUun 
of Fine Arts, His Induc^nce In ttie general pniinotSon of the art Interests of 
this country he greatly adsiietL 

R€Eoiv€df Thut these resoliitlons ho spread upon the records of the Gominisston, 
and that the Secretary he n^Eicstcrl to Inform the family of Mr. Boric of this 
action, 

IFAffcas, the SmltlisonEan Art Ciuoml.'^ion has learord of the death on 
September S, 10-13, of Dr_ Friderlck P. Keppol, a member qf the Commission 
since 1032; therefore be It 

Reffofered, That the ComzaisatoQ desires here to record Ets aiacerc sorrow at the 
passing of Dr. KeppcI, who, am the head of ttie rarnpgie Fattndatlon ofXew Tort, 
has excMcised a profodJid Influence In the promotton of art In the United Stat% and 
whose hroutS outlook and keen Judgment have been of great value to the Sniitb^ 
scmlati Aft Comnilsslom His wtsdom end hla genial porsoiiaUty will long bn 
missed. 

JCcao^ped, That these resolutions be spread upon the records of the Commls- 
sloh. and that the Secretary ho reiiu^^ted to Inform the family of t>r. KcppcI of 
this neUen. 

Tha Commissi on rcctdntnppded to the Board of Regents lha name 
of Arcliibflld G. Wciiloy to succeed Mr, I.odge, Robert Woods Bliss 
to succeed Dr, Kcppel, and George Hewitt Myei's to succeed Mr. Borle, 

Tlie following officers were elected for the ensuing year; Paul Man- 
ship, chairman I Frank Jewett Matlier, Jr,, vice chairman; and Dr, 
Alexander Wetmore, secretary. 

The Commission recommended to the Board of Regents the reeke* 
tion, for the usual 4rycnr period, of the following members whose 
terms expired on the dates stated: (1942) Herbert Adams. Gifford 
Ileal, Gilmore D. Clarke; (ISMS) Louis Ayres, JiLRies E, Fi'aser, 
Geor^ Harold Edgell, Frank Jewett Mather, Jr,; {liH4) David E, 
Finley, Edwanl \V, Redfield, Paul M^andiip. 

The following were elected members of the executive committee for 
the ensuing year; David E. Finley (chairman), Herbert Adams, nnd 
Gilmore D. Clarke, Paul Manship, as chairman of the Commission, 
and Dr. Alexander Wetmore, as secretary of the Commission, are es 
officio membeire of the executive committee. 


eTeiis^i 
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TTIE CATJI121INE WAI4W5N MTEn POND 

Seven mmiatiircs, Tvater color on ivory, were ticquii^l from the 
fund established through the bequest of the late Catherine Walden 
Myer, as follows; 

40. "Mr. Bennett of Hererc Street. Boston, Mass.," by Honty Will lams <1767- 
1S30): from Sbermnn Jlller, New nnven, Oonn. 

47. "Wnitnio Slather fimltli,” by Architiald Roberleaii (J70S-lfiS3); from Mrs. 
Dom liCe CnrtJs, Arlington, Va, 

48, "Mre. WUIlAtD SljiElwr Smith (nee Helen LlrlnEston)," by an unknown 
artint; fronj SJra, Dora L»w Curtis; Arlingtoiit Vn. 

49- "Unknown Lady," by Alfred T, Agate {iei2-lS«> ; from M5sa Erimbotb A 
DuHnmel, WoahlngtoD, D. C. 

60. “Mrs. Tbomas Wilson," by Walter Bobertson (Ijefote 17ft*-1602)' from 
Airs. Dorn Lee Curtis, Arliastoo, Va. 

61. "Jolin Chiireh Hamilton," (?) by Alfred T. Acate flSlS-lSltS): from Sll® 
Elizabeth A- DuHitinn], Waa&tngton, D. C. 

52. "Hr, John Bfnsse," (?) by I,onis Btnsse de St, Victor (7); from Ilnrry 
New Tork 


UEFOSITSI 

Two plaster life masks, “Cnpt. Charles Francis Hall (lS21-18Ti},” 
by Clark Mills (l8l0-lS8r3), and ^Joseph Francis (1801-1893) 
by Theodore A, MiUs (1839-191G), were deposited by the United 
States Kationa] Museum (division of ethnology). 


LOANS ACCEPTEXI 


A silver tankard was lent by Ensign Edward Shippen, U. S. N. E., 
tltrough his falhcr, Dr. L. P, Shippen, on Decenifaer 13, ItHl. 

An oil painting, '^The Nativity,” by an unknown artist, was lent 
by St. Paul’s Oiurch. Washington, D. C., on January 25, 1945 . 

io.\NB Tti otiieu siusEuaia and oncANizAnoNfi 

An oil painting, “Portrait of George Washington Carver” by 
BeLsy Graves Reyiieau, was lent to the Harmon Foundation, Ine on 
&ptembcr 21.1944, to be included in an exhibit of portraits of leading 
Negro citizens shown at the Detroit Institute of Arts from October 

10 through October 22, and to continue on tour in diffei-ent parts of 
tJie country, ' 

An oil painting, '*T]iomas A. Edison Listening to 11!=: Firrt Per 
fwted Phon^raiJ,” l>y Col. A. A. Aiideriion, lent to the Mint 

‘‘Westward the Course of Empire Takes Its 

JTli'wnSS * In^itute of Arts 

to be included m their exhibition. «The World of the Romantic Art- 
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istj” December 29,1944, to Ja^ouary 3S, 1945* (Ketumed Februiiry G, 
1045*) 

A piaster bust of George Wnsliington, by Houdon, was lent to the 
Field PbotograpJuc Brandi, Oftico of Strategic Services, Deparbnent 
of Agriculture, for pbotograpbic purpoiie^, on January 3, 1046. 
[Returned January 2,1945.) 

Three water colors by Walter Paris, entitled ^Tii MoDument Park, 
Colorado/’ ^Xandscape/* and “Florkla Tillage,’^ and one photograph 
of the artbt, were lent to the Lyman Allyn Museum, New London, 
Cotm., to be included in its thirteenth nimiversary eidiibition, 
*‘ilen of the Tile Club/’ Mai’ch 11 through April 2;J, 1945. (Re¬ 
turned April 28, 1945.) 

Five Qii paintings, ‘^Lower An^oble Pond,’^ by Homer D. Martin; 
^*La Vacben?/* by Theodore Robinson^ ^^iloonJight,” by Albert P. 
Ryder; “September Afternooti,” by George Inness; and Natme^is 
itirror/’ by Ralph xV, BJakelock, were lent to Howard University, 
Wasinugtoit, D, C*, to bo included iu the Festival of Fine Aiiis, May 
3 ill rough Jtme 14, 1945. (Returned June 15, 1045.) 

Two oil pEuntings, “Fired On,” by Frederic Reiuingion, and “Indian 
Suniuicr Day/’ by Max Weyl, were lent to The White House June T, 
1945, tile former to be hung in the Executive Office, the latter iu 
Pi-esident Truman’s study, second llooiv 

An oil painting, “Portrait of Andrew Jackson/’ by li. E. W* Earle, 
was lent to The Biilthnore Museum of Art, Baltimore, Sftl, June 11, 
1945, to be includcHl in tbeir Andrew Jackson Exldbitiori, June 15 
to July 15, 1045. 

W^lTWniLSWAJiS HV OWNERS 

Three original bronzes, by Antoine Ixiuis Barye, entitled “PujUber 
Surprising Civet Cat,” “Stork on Tortoise,” and “Seated Hare/’ lent 
by Leonard C. Gunnell, September 25, 1934, were withdrawn by ilrs. 
Gunnell on October 10,1944. 

THE NATIONAL COLLECTION OP FINE AlSTS EE1=T:RENCE LIEILVRV 

A total of 407 publications (255 volumes and 152 pamphlets) were 
accessioned during the year. Of this number, Tolumes and 49 
pamphlets were added by purdiasc, and 64 volumes of pericndictils 
were bemnd^ The other accessions were public;itjous received by cx- 
change, gift, or transfer. The Parke^Beriiet auction catalogs (priced) 
ecruuIIted for 35 Toliiines and 42 pamphlets among the purchases. 

arECtAL EXlIiniTIONS 

Tlie following exhibitions were held: 

Jnltf throuffk —A selection of 6T oil pain lings and 1 

bronxei, from the William T* Evans collection of American paintings. 
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October 6 thr&ugh /Si4.—Exhibition of 90 portraits* by Enit 

Kaufman, called *’Xho American Centiu^.’’ 

Novembers tkreugh 5tf, —Tke Seventh Metropolitan State Art 

Con^t, held under the auspices of the D. C. Chapter, American 
Artists i rofessionaJ League, assisted by the Entr© Xoua Club, 
There 816 exhibits, consisting of paintings, sculpture, prints, 
and metalcraft, by 121 artists. 

p^mhetr J4, J9Uj through Janvarg Exhibition of 78 

miniatures by 45 artists, by The Pennsylvania Society of Miniature 
Pamtere. Beprmt of catalog waa published by the National CoUec- 
tioii of Fine Arts. 

Januaig ^ through £S, i^^^.-Exhibition of 135 water colors of 
Latin America, by Curl Folke Sahlin, Art Director of the Pan Anier' 
lean League of Miami, was sponsored by the Pan American Union 
A catalog was published by the Pan American Union, 

fiebruory g through 26, /^^'.-Exhibition of 66 paintings by 
niodeni Cuban pamtere, was spotisorcd by the Cuban Ambassador 
and the Pan American Union. A catalog was publislied hv the Pan 
American Union. 


March 4 through April 7, -Exhibition of 89 paintings and 8 
piecK of sculpture by members of the Society of Washington Artists. 
A catalog was published by the Society. 

April JO through SO, /flJo,-Exhibition of the BS drawings pre- 
seiited to tlic United States by the French Bepublic in 1916 


rmiiJtiATio^e 

Tolman. R P. Kepurt on tRe NntJonal Collection of nne Ana tor Uie voir 
ended June 30, IMJ, Apjteiidlx 3, Report of Uip Secretary of tJii> Smith 
sonlaii Institiiaoi, for the year ended June 80, im pp, 38-3 

A G. Import on me Freer Gallery of Art for iRe year ended June SO 

im Api»ndii 4 Hepori of me Seeretary of tRe SmitHwnljia InstUatl^ 
tor ilio ytar ended Jnne Stli lp«. pp. 44^. joAuiution 

Respectfully submitted. 

Br. A. WmiuM, 

Secretary, Smitheonum tiiBtUution. 


APPENDIX 4 

REPORT ON THE FREER GALLERY OF ART 

Sir: I have the honor to sabmit the twenty-fifth annual report on 
the Freer Gallery of Art for the year ended June 30,1049: 

THR OOLLECnOKS 

Additions to the collections by puiT^hase are as follows: 

MottanmiRd 

4D.15. Egyplo^ArntJc, I4th centnjy. Two cwFeni with a lla.pi Browti leather wltti 
bUod and gold toollDg, on pasteboard, 0,371 x 0^75 (idSKlO 

4rl.C7, Chth^p Chou djnnflty^ 4th-3d c«ntiiiy B. C- Hoot, with lilnged hfludl*. 

Docoratloii In relief titid tnelsod to receive Inlay, traces of which remain. 
Olive-green patina. 0^'223 x h,<l!03 over nil. 

45.30. Clitaoae. 9tii dynasty, dated In tosrrcspcndQiice with A, D. OfM), UnddliUt 
e^t-Tvto ; The BuiMhas Oantnina nnd PrnhQl iu'ntna. Bur face gilded ^ 
areas of green pathm and earthy Encruetalinhs. IX'dicatoiy Inscription^ 
dated. O^S x O.Hl x e.055. 

45^1, Chlneae^ period of the Six Dynasties. Buddblat atatnette: Ehnl^Jjagiira 
(yno-ahlh-fo)^ Burfoco glided; green and reddish potinn an wom art^ia, 
0.127 (height). 

CAntlOilAPKT 

4510. Amble 5lh century. Parchment leaf from a Oar^dJi. Ten in 

blaek A-Off fiarlpt agnln^t a waahed-ont bine hackgroiind An tUunib 
anted bniid between two on the reverEi& 0289 x 0.338. 

J5,17. East Persia* 10th o&ntnry, parchiuent leaf fnini a Owr'cijf, Test^ln hlack 
ao.f^T ^rlpt, with rtal vpwebmarka. 0204 x 0202:. 

45.1R Arable, 14 th century. Fiiagmcntarr pafwr page from a with a 

black text, tuid tlio word Aii^h In gold. 0-178 x 0281. 

45J0^ Amble 8tb-tiith eentnrj'. Two pardinient leavtL'a fixiai a ^?'ar'^ln+ Text 

45.20. in binck JtO^r script with red Towel-marks; a heading la gedd. 
45.10, 0.104 X 0J®T; 45^ aiS>4 % O-KSa 

oi^wes 

44-47. Chlnc^t Suing dynasty^ Tlng^b^tng ware. Bowl with sUghtlj everted 
Up and slightly eaneuT^ fooL Body of white parcelala, coveiYHl with 
a pale* trtnpparent blue glaBe filled with mlnnte buhhle^ Decomtloo 
inside Incised In the body: prlaelpfiKy comb laarlcik (IlOTO i 0.175 

45rL Chinese, AlLng dynsaty. Fetiche with shorty straight neck aloplog slightly 
Inward. Body of h4rdt white clay.p glazed la white, deep blue, tanioolae 
blue, anl^ergiue and hrow'utsh yellow In locnl areas ontllniKl with slip 
edges In feUel 02(^ x 0.345 
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45^, Ch\n^^ dyuuEty. Ct'ien Lnnj; period (A. H. 1738-179®)* Y&se, 

oTDld^ with low^ ^readiti^ fwl and Rariug lip. Body of ftn^^rstncd^ 
tiQrdi ^bite day, wrered with a hl^h-fljrodh bulf ^lazf'. Th# docom* 
tlqa In famine rose cnameb^i gold ntid iron red over SIx^bamctEir 

mark In goM seal chatiictem under tho bast. OJ303 i O.C®0. 

45R. Chines, Ohln^ dynasty. Ch'Ien Lung period tA. D. ITaS-lTDft), Vase, 
with wide shoulder and short neck. The body la of flne^alned, bard, 
wliJte clay, with a pale icrray^ craekled gleze, coated on the outside with 
transparent green enameL x 5.084. 

45.5. Chinese, Ck'Ing dynasty* period (A. D. 1723-1730)* Eoftle- 

BhaiMH] va^: two handles on the aockn The body la of thin, wMte 
porcelain with n traiisxuirent glaze. The ontalde, except for tho Imndies 
and footp Is conted t^ith pink enamel, doReatoly p,iiDted in famiUc rose 
enauielB with chr^'Santheniums* fruit, and bntterdl^, Fytjr^:harHcter 
mark an the foot. 0.1^ x 0.075. 

4G.10. Chinese^ llth-l2[h centtlfy* Snog dynofliy T^'ili-clioo type. A large 
Jar, with a wide month and two strap handles; hold foot ring. The 
body Is nf bnlf-cDlored, porcelanons atoneware. The shoaldor nnd 
Btrap-banaies are covered wJth a delfcitet nppllpd ribbing under a 
lustrous brawn glaze having n txflnnte gray ap^ickllng; the lower 
body with □ ftblny brown Kinze roughened by ndiiesinaa. Possibly 
from Ching-ha hslen. 0.2SG x 0.2T5 (diameter), 

44.4^l. Porslnn, iHh eentury. StKulled Aghkand ware. Bowl with u narrow 
flat rim and low' ring foot. BodyTf dne-gralned, falriy bard, reddish- 
btEff earthemware. The d€?earatlon, a design of a cock In scrolls. Is 
incised Iti ihe white covering slip and colored gre^D, ycliow, and beown 
Id local areas under a tmns[iarotit glaze. 0.038 x 0,£70 (diameter), 
(lliufitrated^) 

45.8. Persian* 13th century. Rayy. Bnwb stnndlng an a low basal rlag. The 
body Is of soft, in-aylBh clay cayered with a crimiii-white glaze upon 
which a %Qral docomtlon Is p^Uuted In polychmmn, in so celled lU^naf 
technl<iae. 0.085 i 0^ 


jiAHTiHcaipr 

44.43. Persian, Idth century {A. D. 1524), ^ifavld period. Henit Anthology, 
* containing Belections from tJie works of Jqlal nd^DIn Euuil, NSzrlinl] 
Sa'dT, and Ran&T, bound In gold stnmpcfl and tooled h.>ather. Natta^liq 
script, written by Uio dtlllgrapliers Shal^ Mabmiid, Mlr "Ail HUi^dPl, 
Snitiln aiuhamDiad Nftr (ftttf.), Mnhnminad Qasim b, Shftdl-Rhilli, and 
Sul [An AIuL flmimid Kbandftn. Three rolophonfl. Frontispiece by 
BlhzHd {see Palntlog, 44.4SA). 0;250 i 0.170 x 0.022. 


nXLlg ^WrtJLTf KCTALWOfiK 


45.13. 


45.1A 


Persia Ur fltb-8th oenlnry. Si) ^n Ian typm A bronze ewer wSlIi a pear- 
shuped body on a hl^i fiKJt; slender handle lermliiaLlTig in stylized 
antelope heads. Dark green, gbmy patina with areas of red. A small 
repair on one siae. 0.431 x 0.168, 


Veacto-IsliimlCp mldcHe of the lOth century. Wnterhucket with hall 
UBodie (MJI). outer of the bodj find the bundle nnd n 

Imnler aioQ^ tJ„ jnslije uppe, deMmiKl with enKrarlue oua 

rfiver Inlaj. The inslUe la en^rnTed ard gilded. 0.322 (wltb handle 
mlRetll ; O.W (^Jth hnmjle dgvn) ; 0,3(» (diameter). nUnatniterl ) 


P^pdirt. ApfKwlu 4 


PJ^ATE 1 



'» 11 l-l 



t 4.4 >9 

RECENT AdDITIOhJE TO ThE C&LLECTIO^T OF TME FREER C^AH-ERV OF ART 



5«f^Mrr'i ftqwrtL. 4 


PLJ^TE 2 



R!BC.E1^^^ AOPtTIDN^ TO THE COLuECTI'ON OF THE FREER GALLEAy OF ART 
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t-e«.lan, 1711. cuBtury (A. D. KSaS-l^). A brnss 

lnetriiu..;t.t titled with a sbuckle lor uuspensloii equlupwl wlib n 
a reW or ‘(i«Jla6iir, lour sli-paftlte tnbiets, uii alidade, u pin. and a to 
Surlaw onaiiucnt ctoaed and wgriiTred, Dated and elp.e.1 by tba 
nator, t^tad Utoanimad a.iufin. 04TO x 0-123 (dlaiaetery. 


■H.0I. 

44m. 

43.!^ 

4B-27. 

43.2S, 

45i)K 




44.rt4. 

44.K. 


p^imscQ 

Clilia^, aa..js dynaety. Uy Mao I, B- A. D- llCS. 8w«llaw« uafl u 
wiUo; tree: a Ian palii‘i"B I"* I"!* Signamre and two «a!a. 

O.^W X Or*247 (dtuBieterii). <IlliisUruted-) 

Cbbiese, Sants Jjnasty. Itltli century* Hnoataln landscape: an altow 
painting it. color and Ink an sHk* One sealj two liognwnta ot acato 
|).2TSx 0/220. 

Chinese, Situg ilj niistr, i2tL century. Style of LI Tang, Winter B«ue , 
with a tnim on a water biurtilo currylag a rlng-tieckcd j.Ue^t. wllloa, 
LatabDo, IIml Hex (?)* An album painting in color und ink on tillk. 

' Two bwir seals. 0;235 l 0.245- 

Yflufi Oynaetrr Atlrlhuti^d U Cliuo H- 

Three iJoraes, Ijii ima slight «olor nii kII&, D.20T 3C 

Clilnew. Ytlah 0Tiia^t>> dtiteO Lu eorr«potideiicc with A D- W7. Hy 
ChELo i'Emg. A horeo mid q i^toom In n reil coat A Bcrell p^ntl ig tn 
color and Ink on paiter. Sieimtnre and seal plus 26 aeilla and cue 
i[t&eriptlDn+ 0.317 x 0.733, 

Iiidlan, Muelml, nocond half of the lOih cent.iry. School 
Moiteior Dibur recclTiag tbe cupltutrttlon of Kiibal In 010 £1 (A. D. 
15101* "Werk (i£ Siiihcah. poitrails by Boeowau" (contemporary 
ultrlbutlon). Pointed In colors and gold oh paiier. Text It* iiusmvrq 

Indian, ait.sh.il, second half of tlie lOUi ccutnry* aOiool of Akbar. Tke 
abduction of a prlntcso by sen. PaliUed In coioifl. gold 
(oiUllnsd) on paper. A sninll ii«a of text in nastu'fltf script. 0.J71 x 

India.., Jlngbol, 17tb ceotnry (ca. A. D. 1020). Sel.»l nf 
polilkal ullesoi^ fljiutollzlnB tic peace of the world. U 
two great rulers. JobJlBglr of India and ShiU. ‘Abtos «f 
111 mtitiml cmbnice npoa tie forma of a lion and a lamb erouohed opo ^ 
terrcatrliil globe, and rarrounded by a goldeu iilmbua. 
and gold OB Mtor na an ulbtitn picture. IniK.T»ptloc». O-SS x 
Thv alMiTe picture Is mounted witbln a floral 
a gold grouud. Signed and dated: Mulauamad §«dlo HW tl (A, D. 

indk,^ Mughal, tSirlylTlb century. School of Jobauglr. 

nnlmal^. A wiiBh dniwlpg In pule tints. 0-^4 X 0, - ^ ^ 

■.IJ/,,™™., -111. . !«■ 1« “I* 

aom 
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41.BQL pGT^En, HDlilille 14 Ui eetHLury. Mangol (ll-KtMXti) period. Loaf fr<mi a 
Ri^atutii aIh^b Aq^hhabtifl and tils horse, Gbior and eolij. 
Test ItL blael^ script; title {verso} Jn red Paper: 

0.290 I 0^, PaiiitUiff: O.OS3 s 0.irj2. Pets San, hrat lifllfof the 14tb 
century* Alottgol (ii-Khnn) period. Six miniatures froiii n ftnd^Tao, 
painted In opiEtine color and gold. The plintlngs, tqlnule in hIig and 
exquisitely executed, iLreue follows: 

45.21. Ebiiernw Parwlx greeted by an old oetrolegcr before hU hcntiltnge. 0X^9 

1 0.120. 

45.22. Tlie deii[!i of the Simiirgb. 0.(M3 x 9.120. 

45,23* The dlv Akwan about to throw the sleeping KiisUioi into the sea. O.OSS x 
0.120. 

40.24. Xtufitani ciioiniped with In alghc of the hosts oC Turon. 9.O0S x 0.120, 

45J5, Slyawushp whlla huidliig whh ATraslynh, deaTcs on onager In two. 
0.048 X 0.120, 

4526. Flruii slayB the execuEb^n of liizhiin itt the foot Of the gibbet DOISx 

0,12a ~ 

45.1. Feraian. MongeMInJilI period (A. D. 1311). SMnlx school, lllusti^tlon 
from a 8hilkn4fn&: tJielicro Ruatant rotliogawny the great boulder from 
the mouth uf the pit where Bighan Is imprisaned. Color uad aljght gold ; 
red hnek^round above groiied: black bnelcgniuiid In the pit, FapC‘r lonf; 
0 S52x 0.301. PlilllalJ^^: ai4e X 0.238, 

44.48A PfrslQDp 15th-iath century, Herat school. Ey BShzdd. An old KUin 
and u youth In amonutaln lancHcapE^; a circular composlllan Uhemta} 
withiu an jllntnlTiuted bc^rder, mauntod as a froutisplece to the Autftot- 
44.48. Coler^ gold and silver EnxldEsted); surface slightly wnm, 
Signature and Inscription. 0,082 (dlEEmeter), 

scDi^mmE 

-14.4ft Chines^ T'lmg dynatdy, ftLh-41th century. Image uf a Bested Buddha ^ 
zDoldcHl Id dry lacquer. Trnecii of eolor on the rDbe and of gUl on the 
flesh parts. Hands and long eurdohes broken off. 0.t)G5 x 0,r251 OiKH. 
45.4. Chin cse, ItUin dynasty, 13ih-l 4i b nmtory, I ma ge of n Eodh Saa EtrcL, muldid 
lu ary inequer. Truec* of bine, goidn and grt'en i^dnt and Of gold leaf. 
Slightly damagetl and rtqoilrfNl. 0.583 x 0.431 x OvSOT. 

45. IT Cbltiese^ ITaug dynasty, Sth-mb oeuiary. Figures of two hcraewniuem 
45,12, pluylPf polo, curved In wockL Remalas Of polychrouLe [minting and 
a white prltulog coat. BHfht damages. 45,ii, o^i s 0,142 i Q3fti 
(IllustratedK 45JL2, 0,31JT i 0,130 x 0.300, 

EtLVXa 

44-68- ChtncM^ Sth-Oth centnry. Tung dynautyp IaAIc, with s eevea lobed 
bowl: the eurfucc covered with delLcate engraved ormiueaL 0,312 
(length)* 

Tins work of tlio staff menibera has been devoted Co tlie stiidj of new 
acquisitions^ of other objects subinitt^d for purchase, and to general 
rese^ch work within the coUectioiLs of Chinese, Arabic, Persian, and 
Int^n fine arts; the pi'cparution of material for publication and rft- 
Yisiona of ^rlier work. Repoits, oral or written, wete made upon 
oriental objects belonging to other institutions or submitted for ex- 
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ammatioD bj priTate owners, to the total number of 1,918 objects and 
110 reproductions of objects. Written translation of 132 orientnl 
language inscriptions were made on request, Dticeni service and 
public lectures given by staff members aro listed below* 

W AR WORK 

In addition to tbeir regular curatorial work, a large part of tbe 
time of two members of tbe staff was given to work for other Gov- 
ernment agencies dii^tly concerned with war work. One of these 
members was detached from the Gallery to work at the Office of War 
Information 4 days a week for a period] of 6 inontlm. Other work, 
invohing the correction and revision of ofTicial Government publica¬ 
tions on China and Japan, was done at the Freer Gallery, where also 
working space and assistance was given to a group of four persons 
from the Amen can Committee for the Protection, and Salvage of 
Artistic and Historic Monuments in War Areas, working on the proj¬ 
ect for Korea, Sevenil individuals from branches of the artned 
services were assisted in special studies arid given 123 photographs. 
Fifty-eight photographs of Chinese objects in the collection were pre¬ 
sented to a representative of the National Library of Peiping. 

Repairs to the collection can be summarized as follows: 


ClilTieae paTritlcij^ ranounleil^ ______, _243 

Tibetan pafntlDi; reojotiiited™.-.^ _ _ __ _ 1 

Cain^^ lncf|iier flirure re|ialred ___ _ __ l 

Chlaese atone eciilpiun? repadned*.. — ________ 1 

Ofalnesc wood acalptarc repaired, ____ _ . 1 

Persian manaficrlpt repaired- ____ 1 

Changes in exhibition totaled 1,373, as follows s 

American pfllntlnj^-_____ _ _ _ _ _ 05 

Ambtc arts; 

B^iokbLndlngs ____ _ _ a 

Mil niDi»criiit8_^^^ ____ - _ __ 45 

PalntiagH__ ___ _ _____ IS 

Wood ceivlnR,_ _—_ _ __ __ . . _ . 3 

Armenian mnatiEerlpLa- --- - - - 8 

Cbtnese nrta: 

Ramboo. curved^ __________ 4 

Brenzes.^ _ _ _ __ ___ _ _ 200 

Ceramics_ _ 143 

Crld and Hiber-gilL.^^ ___ __ . __ _ _ _ _^ - 21 

JndcL_ _ _ , ____ ___ _328 

Lacqaer ____ ___ _ ____ I 

UarbLe __ ___ _ _ _— __ 4 

PatRilDRv_ _ __- __ ■ __ 40 

Stone PCil!|anre^-w^ - £3 

Cbriatlan palatlasii..--^ __ 3 

Esjptlan Atone stculpture__^ ___ _ _ . _ _ , — _ _ 1 

Oreelc zDanoacrJpta_ _ 4 
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Indlaia hrtsi 

Mnnoscripta.^_ 

PftlntlfiB? --- 

Sculptnm_ 

tflIaiBEc metolworlc^. 
Koraati. pottory_^^^_*.. 
Near E^atem pottery, 
Per^lnn 

Bookblndlnjp—,— 

MaiiD3crlptB____ 

PatnUtigs --- 

Silver-^_ 

Syrian g\ass ___ 



14 

7^ 

8 

&2 

£4 

06 

8 

i>2 

136 

4 

n 


attentiance 

Tlie Gallery has been epen to the public eTery day except Christmas 
Day and Mondays up to Monday, January lD#5j on whicli day it 
began to be open to the public T days a iveek* 

Tlie total number of visitors coming in at the main entrance was 
72,149. Thirty-seven other visitors on Mondays previous to January 
29 made n grand total of T3,l&6. The total attendance on weekdays 
was 41.1171; on Sundays. 3 O 3478 . Tlie average weekday attendance 
w as 148; the average Sunday attendance, 5&G. The Idghest monthly 
attendance was in April, with 7,981 visitors; the lowest, in December, 
with 3,611 visitors. 

There were 1,413 visitors to the main ofiBce during the year; die 
purposes of their visits were as follows: 

FDr general Inrormatlan—-- --- -- ^49 

To &ee menibora of —--527 

To read In tae nticarr^^^_^->-___— — — -210 

To make tracings nod fiketdiefl from Ubrarr bocks— _ _ 5 

To sw bulldlaff aod JnstallatLona,^,---- —_ ____ 32 

To zaabo plictoffraplifl and ^etehesw^._____ 15 

To 5ce exlilbitloii gnTlerlci on Honda___ __ _ 5 

To esamine or piirchaae pliotograpbs atid slides_______336 

To aabmit ubJiiKtB for e^^aialnatlon,.—___ _ _ 22^ 

To BGC objecta In Htoroge__.-™---- - 263 

Wash If 0 pi uteWpfa, - - 23 

Far E^uateriJ palming mtd textUea ___ 53 

N«ir Efistem pn Tot lugs and mann^^rlpts^^. ___ _ 3T 

Tibetan pfilnlingB^____ __ _ - _ i 

Indian polntlnjiqa and mo-noscrlpts____ _ 7 

Atncrfra n i nt I _ ___ _ _ _, 55 

WbSfitlpr prints-,--*.-^____ _ 4 

Oriental poltGryp Jade, bronxe, Intaner, nod bnmboo_ 07 

Oold Treasure and fiyiantltie ebjeeta__ _ _ 7 

AH ^ulptutt?-^--- --§ 

Sjrtnn rri] otber glass_ __ __ __ 1 
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DOCKRT SERVICR, LECTORES, METr rtNtlH 

By request, 4 groups met in the study rooms mid 4 groups in the 
exhibition galleries lor instruction by stafT mcmbeis; total, 191 
persons. 

Illustrated lectures given by staff members were as ftdlow's: 

Octottor 29» 1914 ____ NaElDtml GuU^^ry tif AtE, ‘''Cbllies* L^orefcLiEns/' 

by Mr. 

Novembtr 1^33, 1SM4__ Cierolnnil MusImuu of Art. ClitLitictor of 

lalEimle Art"; 'The IslnmEt ExhJbltloa {cur¬ 
rent)'"; “Life and Literature in P^i-sSan 
Mluiiitiire PjtintJng""; ^PergEim FEgurnl Tcti- 
tilo of the iCth aiuJ lltli ctftiturlej''; by Dr, 
Ettliii^hauseD. 

January 21, _^ Froor Gallory auUItoriim The TborntOEi Sa- 

clety Wfliihiiieltiu. "Janies McNeill 

Wbifitler and the Poa&ict lloom ” by Mlsa 
Guest. 

[■'cbriteiry 2i, l&lS. __ Museinn ^'owp of the ^peclnl Llbrarl^ Asso- 

ciutioD mectJDg Ju llio Y. W. C A. hall, 6L4 E 
Street ''Persian PaJntlogp'* by Dr, 
imumn. 

Aturcb 2-1, ChEttf^ Art Society of AiaerEca^ TorlL 

'‘<!Jbinese CeramLcs^'* by Mr, Psijie. 

April IS, _ ——UjitTcrslty of Minrie^utM, Mlnnc^lIR^^I6^ “Per- 

HJau Art; A Stirrey*^^ by Dr_ EtLEngbausen. 

April 19, 1Q4S — _ MIoiic^PoIIb Inl^tltuto of Arta. ‘^E^rslna AlEttls- 

tnr^," by Dr, Etttaghaqi^, 

May 23, 1945-Diio;ibartoJ:l Oaks Bcscarcb Library and Ool- 

lectlun of HarTard iriilvorslty+ Wttsblngtun, 
D. Q. *The MotamorphaifEs of the PerelaD 
Miniature," by Dr, Ettlnghauscii, 

Juno 21, 1&45— --- The Arts Club of Wasblngtoa. "Early Chinese 

Bronzes and Jodot,“ by AlEss Gaesl. 

The Eictfliisioii Service of the United States Department of Agri¬ 
culture held a meeting in the auditorium on January 5, 1045* 

Several official visits away from die city were madaby staff members 
upon request as follows: 

Mr. Wenley to eiamine collections of Cliinese ait objeete at the 
College of William and Alaryi, and at die Art Institute of Cliicflgo, 

Dr, Etlinghauscu to assist at the inslallation of a Near East e^chibi- 
tion at tlie Baliimore AIuscuiu of Art, 

Otlier ollicial visits made by istaff tuenibcrs were to &.\amine objcfCts 
offeivd for sjile in Kew York, to attend special exhibitions there, or to 
engage in some project of research* 

FEHSOXNEL 

Bicbard Ettinghausen appointed associate in Near Eastern art 
September 1,1944. 
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EUzd Maud Haywatd appointed clerk- 5 tenof[rapher {CAF--41i 
September G, 1944. 

Bertha M, TJsiUon appointed librarian September 25,1944. 

Qiitce G. Barnett, librarian, resigned on October 19,1044. 

Joseph H. Boswell, sergeant of the guards, wbo bad been ot the Freei 
Gallery from September 1023 until be retired at hb own raquKt on 
June 30,1943, died at his home December S, 1944. 

E. Harriet Link, derk-stenographer (CAT-S), transferred to the 
American Red Cross as hospital staff aide, for service abroad, February 
19,1945. 

Jotm A. Pope, detached from the Freer Gallery to go on active duty 
as Captain, U. S. Marine Corps Reserve, April T, 1945. 

Jewell A. Kidd appointed cierk-Btenogmphor (CAF-^i) May 7,1945, 

Grace T. ^\Tiitney worked intermittently at the Gallery in the Kear 
East section between October 24,1944, and June 15,1945. 

Other changes in personnel are as follows: 

Appointments: Odell M. Brantley, guard (CPC-4), November 6, 
1044; Rufus R, Thompson, guard (CPC-4), by transfer from Smith¬ 
sonian Institution night forte, January 94, 1945; Lynn V. Black, 
guard (CPC-4), April 12,1945. 

Separations from the service: Florence E. James, intermittent at- 
icndanr, September 24, 1944; Chaiinccy H. Houdeshch guard 
(CPC-4), Hatch 8, 1945; Emil L. Zorn, senior mechanic (CPO-T), 
by volunteiy tTanafor to the Bureau of Aeronautica, Navy Dopatt- 
ment, February 1, 1945; James W. Bums, gtiard (CPC-4), retired 
on account of disability May 31,1945. 

Respectfully submitted. 

A. G. Wesley, Director. 

Dr. A. Wotitowei, 

Secretarjf, SvUthJs^Uoi Inatiiiftion. 



APPENDIX 5 

REPOET OX THE BUREAU OF AMERICAN ETHNOLOGY 

Snt: I haTC tli& honor to submit the following report on the fidd 
ressearches^ office work, and other operations of the Bui^au of Ameri¬ 
can Ethnology during the fi^al year ended June 30, 1045, conducted 
in accordance witJi the act of Congress of June 27, 1044, which pro¬ 
vides “* * • for continuing ethnological researches among the 

American Indians and the natives of Hawaii and the excavation and 
preservation of archeologic remains. • * 

During tlie fiscal year emphasis on activities concerned with tlie 
war effort and with Latin America has continuccL It is hoped that 
as the need for waj studies becomes less, the Bureau may soon resume 
its normal functions. 

erSTEMATIC EEfiaARCOES 

Dr. H. W. Stirling^ Chief of the Bureau, left Washington for 
Mexico on January 2£J, 1945, to continue the work of the Smithsonian 
Iiutitution-Xntioiial Geographic Society archeological project in 
southern Mexico, From February 24 to March 6 a reconnaissance 
trip was made in Ihe vicinity of Tapachuln, Chiapas, during which a 
number of ardieologicul sites were located. Two of these, at Caca- 
huHtan and at San Geronimo, contained carved stone monuments. 

From 31arch 6 to May 24 excavations were conducted at the site of 
Pied ra Para da, Chiapas, 12 miles north of the town of Ocozocoauthi. 
iJost of the work was conducted on a large earth mound which cov¬ 
ered II complex stone-maijoiiry structure, but a number of excavations 
were also made at other points in the site. Previous to inaugurating 
this work, nii;d at intervals during its progress, trips were made to a 
number of limestone caves in the vicinity, al! of which had been used 
ag places of offering and contained large quantities of ceramic re- 
mains. The material from the caves belonged to the same relatively 
early period ag that from the mound site. 

From May 28 to May 31 a new and large site of tlie La Vcnta cul¬ 
ture was discovered as a result of information received from Juan 
Dei Alto, of CoaUacoalcoe. It is located on the EIo Chiquito in 
southern Veracruz, near the small viUage of Tenochtitlan, on lands 
known as San Lorenzo. The dt© contains two large mound groups 
and a considerable number of carved mnnuinents, including the two 
largest colossal heads of La Venta typo yet discovered. Unique fea- 
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turiiS at tJve site are a stone aqueduct and a stone fount in tbs form of 
a swimming duck, decorated with water symbols. 

Dr, Stirling returned to Washington on June 17, 1945. 

Dr. John P. Harrington, ethnologist, prepared during the fiscal year 
12 articles on American Indian linguistic snlijects. Outstanding 
among these is one on the Guarani language of South America, pro¬ 
duced through collaboration with Dr. G, T. Bertoni, and one on the 
Quechua language, written with the help of Prof. J. M. B. Farfin of 
Lima, Peru. A1 arge proportion of Dr. Harrington’s time throughout 
the year was spent in translating letters and documents in obscure lan¬ 
guages for the Oifice of Censotsliip. 

During the Sscal year Dr. Frank H, H. Roberts, Jr., archeologist, 
continued to work on the material obtalneil from the Lindcnmeier site 
in northern Colorado—^the Itication where a group of so-called tolsom 
men camped during the closing stages of the last glacial period- 
expanding his studies to include comparisons witli artifacts from 
other sites attributable to early archeological horixo^ in the Kew 
World. In this connection he prepared a manuscript “The New 
World Paleo-Indiaii” for publication in tlie Annual Report of the 
Smithsonian Institution for 1944, an article Deep Burial on the 
Clear Fork of the Brazos Birer'’ for the Bulletin of the Tcias Archeo¬ 
logical and PaleoDtological Society, and a paper “An Early Texan” 
for the Scientide Monthly. 

In March 1945 Dr, Roberts was designated os liaison officer between 
the Smithsonian Institution and the Conunitteo for the Recovery of 
Archaeological Remains—a group representing the Society for Amer¬ 
ican Archaeology, the American Anthropological Association, and 
the American Council of Learned Societies—which was organized for 
the purpose of providing ways and means for the recovery of ma¬ 
terials that may be lost through the construction of dams and the flood¬ 
ing of large areas along many of tho river systems throughout the 
United States. Dr, Roberta attended all meetings of this Committee, 
presenting the Institution's viewpoint and assisting in the drafting of 
plons for carrying out sudi a recoveiy program, Dr. Roberts devoted 
considerable time during the latter months of the fiscal year to a study 
of the maps and project reports of the Corps of Engineers and the 
Bureau of Reclamation for the dams which they plan to construct, 
and to research in the archeological literature relating to these areas 
in an effort to determine the districts where sites will be inundated and 
where provisions should be made for survey and excavation projects. 

In accord with the Smithsonian Institution's policy of cooperation 
with the Library of Congress, Dr. Roberts annotated four hooka on 
anthropological subjects for the United States Quarterly Book List, 
Me also ooptinued to serve os a member of the Institution's Personnel 
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Dtiiization Committee and as a part of this work prepared a mami- 
script for a handbook “Smithsonian Institution—Information for 
Employees*’^ In addition he was the general department represent¬ 
ative on the Efficiency Eating He view Board for the Smitbsonian 
Instittition, and attended the United States Civil Service Commis¬ 
sion’s Fourth Annual Institute of Efficiency Eating Boards of Ecview 
in June 1D45. 

Ou September 22,1044^ Dr, Koberts was appointed Assistant Chief^ 
and during absences of tho Chief served as Acting Clnef of the Bui'eau. 

Dr. Henry B. Collins, Jr., ethnologist, continued his work in con¬ 
nection with the Ethnogeographtc Board* As in the previous year, 
he handled requests for information on geographical and other sub- 
fee tg which came to the Board from the Army^ Kavy, and other w'ar 
agencies. ^Vlien Dr. Wm. Duncan Strong i^signed as Director in July, 
Dr. CoUins was made Acting Director, and at the first Board meeting 
thereafter, in December, he was appointed Director* 

At the invitation of the sponsoring committee, Dr* Collins attended 
a meeting held in Montreal in September for the purpose of orgamzing 
tlie Arctic Institute of Hortli America. The pui'ixse of the Institute 
is to initiate, encoumge, and support scientific research in Alaska, 
Canada, and Greenland, on the premise that studies in many fields of 
scietiL-e will be required as the basis for efficient planning for the de¬ 
velopment of the Arctic and sub-Arctic regions of Sfortli Atiierica. 
As one of the governors of the Arctic Institute, Dr. Colli us attended 
several meetings in Montreal, at which plans for the operations of 
the organization were fonnulated. 

During such time as wag available, Dr, Collins continued his re- 
marches on tho archeology of the Eskimo and related problems. 

Dr* William N* Fenton, ethnologist, for the fourth snecessiva year 
continued to devote a large part of the year to activities arising from 
tlie war effort. As research associate for the Etlinogeographic Board, 
six reports on Area Studies in American Universities were completed 
and iiisued in niiincograph form; otliers arc in manuscript. Thege 
repoita cover a survey of Army training programs undertaken in 1944, 
and ngoin considemble time was spent in travel to the universities while 
ob^rviiig the programs ajid interviewing teachers and trainees. The 
i-eceptiou that gi'teted reports already distributed indicates that they 
arc not without some tisefuUiess^. 

Scientific actiTlties, altliotigh still of necessity somewhat curtailed, 
lucked up toward the end of tiuj year. Dr. Fenton was I'celected 
soci'etary of the Anthropological Society of Washington, and was 
appointed to the Board of Editors of the Journal of the Washington 
Academy of Sciences, to serve for 3 y^aTS- Field researches on the 
Iroquois were I'esumed. Through a grant from the Viking Fund of 
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New York, Dr. Fenton visited tlie Sii Natioixa Reserve near Brantf ord, 
Canada, betn’ven April 23 and May lil. The Ardiive of American 
Folk Song, of the Libinrj' Congress, again furnished recording 
equipment, enabling Dr. Fenton to make complete sound recordings 
of the chants of the Iroquois Condolence Council, previously un¬ 
collected, Chanters for the Dead, and several social dances. While in 
Canada, Dr. Fenton visitctl Toronto to consult with antlirot>ologists at 
die University concerning a postwar plan for Iroquois studies, and 
certain specimens were studied at the Royal Ontario Museum of 
Arcliacology. 

In addition to reports issued by the Etlmogaographic Boards sev- 
eml book reviews, notes, and articles were contributed to scientific and 
lUerarv journals. A series on •‘Place Names and Related Activities 
of tlie Coniplanter Senecas^ appeared during 1945 in the Pennsyl- 
Tttiiia Archaeologist, The Northwest Ohio Quarterly carried a Com¬ 
mentary on Samuel Crowell’s Account of Seneca Dog Sacrifice near 
Sandusky (1830)." A second paper, by J. N, B. Hewitt, ‘‘Some 
Mnemonic Pictographs Relating to the Iroquois Condolence Council,” 
was completed by Dr. Fenton iu the field and accepted for publica¬ 
tion in the Journal of the Wasliington Academy of Sciences, being 
in proof at the close of the fiscal year. Considerable progress may be 
noted on a related manuscript, which is a field report on “A Cayuga 
Condolence Cane with Pictogniplis Denominating the FoimdeiB of 
the Iroquois League," a project that was undertaken in 1943 for the 
Craiibrook Institute of Science. 

Near the close of die fiscal year, Dr. Fenton visited Harrisburg, 
Warren, and Pliiladclphia, Pa., for the purpose of furtliering 
etivnoiogical studies among the Complauter and Allegany Senecas in 
cooperation with the staff of tlie Pcnusylvania Historical Commis¬ 
sion, local historians in northwestern Pennsyivaiiia and southwestern 
New York, and tho Univereity of Pennsylvania. 

In ccimccuon with projected rcseai'ch in the prehistory of river 
valleys, Dr. Fenton prepared a plan for “.4.n Anthroijological Suney 
of the Allegheny River Reservoir Area of New York and Pennsyl- 
vania." 

Dr. H. G. SaiTiett, anthropologist, has devoted his efforts during 
the fiscal Year to studies concerning die geiieml problem of cultural 
change. Data bearing on ibis problem were obtained in the past in 
the field from various Indian communities and are supplemented by 
diverse historical sources such as regional histories, diaries, pioneer 
reminiscences, missionary accounts, church records, and a host of ofh* 
cial reports on Indian investigations and reservation administration. 
The Indian communities involved include those of the Yurok and 
Hupa in northern Californio, the Siletz and Klitmatii in Oregon, and 
the Yakima, as well as several smaller groups around tlic southern 



report of the aECRETART 


61 


end nf Puget Sounds in the Stiite of TVashington. T^o publications 
arc contemplated. It is expected that one of them^ now in prepara¬ 
tion, will be completed at an early date. 

Dr. Gordon K. Willey^ anthropologist, apent a large part of the 
fiscal year in editorial work on the Handbook of South American In¬ 
diana, ti*unslating and re'^rking manuscript material and aeketing 
and preparing illustrations. He also began and completed the study 
of several large collections of archeological specimens from south 
Florida* These collections^ now in the United States National Hu- 
seuiUi came from sites in Palm Beach, Broward^ and Dade Counties, 
and were excavated by Gene M. Stirling and Lloyd C- Reichard, rep¬ 
resentatives of the Bureau of American Ethnology, during the years 
1&33-11}36» as a part of tlie Federal Belief program in archeology* 
The field operations were conducted by Mr. Stirling and Mr. Reichard, 
and their notes^ drawings, and photographs were used by Dr* Wdiey 
in the preparation of the final report, entitled '^Excavations in South¬ 
east Florida,^^ which will be publiriied in the Yale University s^sries 
in anthropology. Tlie nmnniicript totaled approximately 50,000 
words, and included ^verai tables, S line drawings^ maps, and 17 
collotype illu^rations. 

During the lost few months of the fiscal year, a part of Dr, WiUey^s 
oQIcial duties were given over to preliminary prepai^ations for archeo¬ 
logical research in Peru* This projected program calls for a co¬ 
operative investigation of the Virii Talley of northern Peru. Colum¬ 
bia University, Yale University, and the Bureau of American Etlmoi- 
ugy are tlie proposed participants. Actual research and results of 
research will bo undertaken and published separately by the partici¬ 
pants ? collaboration will be in the form of common service functionSt 
such as field laboratories, transportation, and aerial photography. 
The work k planned for the spring and summer uf iMfi, 

INSnTDTE OF SOCIAL A NfilKOPOLOOT 

The Institute of Social Antliropology was created m IMS, as an 
autonamous unit of rile Bureau of American Ethnology, to carry out 
cooperative training in anthropological teaching and research with 
the other American republics. As the Director, Dr. Julian H. 
Steward, was instructed in the official order establuihing the Institute 
to report to the Secretary of the Smithsonian Institution, there is 
presented here his report to Secretary Wetmore, 

The Institute of Social Anthropology, carrying out a program of 
eultuml and ^ientific cooperation with the American republics under 
a grant transferred from tlie Dt?partment of State, continued under 
the directoraliip of Dn Julian H. Steward. Dr, Alfred MetrauXt 
Assistant Director, was Iratisfcmd to Hie War Department on April 
2^ IMS, to accept an assignment for work in Europe. Mi^ Eihelwyn 

070212— ia- fl 


62 AJTJ^^UAL. HEPORT SMiTHSONIAK iNSTtTCTIOX^ lfl45 

Carter served as setret^ry throughout the year. Dr. Henry J, Bm- 
man^ cultunii gcographeti who had been on leave of absence since July 
17,104i, resigned on June 30, l&4o. 

In ilexicOj the Institute vras represented by Dr. George IL Fosterj 
Jr.) anthropologist, and Dr. Roland D, Brand, cultural geographer, 
cooperating wiik tlie Escuela ilacional de Aiitropologfa of the In- 
atiiuto Naclonal de Antroi^ologia e HistorSa, From August to De¬ 
cember they taught at the Escuela^ and from December to June they 
supervised a party doing field research among Tarascan villages in 
Michoac&n. The field party consisted of atudcnta from Mexico and 
from several oOier American reppblics. 

In Peru, the Institute was represented by Dr. John P. GiJlin, an- 
thropologistj until his resignation January 31, 1945, to resume his 
teaching duties at Duke Univergity+ Dr, Gillin spent approximatelT 
fi months making a study of Moche, a north coast Indian community. 
Mr, Harry Tschopik, Jr,, nnthropologisti joined the staflf of the In¬ 
stitute on January 1,1945^ and wils assigned to the field office m Lima, 
Peru. In cooperation with the l^Iuseos Histdricoa, under the direct 
tioa of Dr, Luis Valcarcdlj he supervise a field party coiisisting of 
repreasentativffi of the Musees Histdrioog in making n cultural survey 
of the central Highlands of Peru in the region of Hnanuco. 

An agreement was concluded with the Escola Livre de Sociologia e 
Folitiea, of Sao Paulo, Brazil, for cooperation in teaching and re¬ 
search m the social anthropology of BrimL Representatives of the 
Institute of Social Anthropology are to be detailed to Brazil at a 
later date. 

Arrangements for cooperative w'ork in Colombia remained 
uncompleted. 

Publication Niimlwr 1 of the Institute of Social Anthropology, 
“Houses and House Use of the Sierra Tarascans,” by Ralph Bealo, 
Pedro Carrasco, and ^rhonios McCorkle, was made available for dis¬ 
tribution. Publication Number 2^ *^Cheran, a Sierra Tarascan Vil¬ 
lage/^ by Ralph L. Beals, was itceived in galley proof from the printer. 
Publication Number 3, “Moche* a Peruvian Coastal Community,^’ by 
John P. Gillin, and Publication Number 4, “Cultural and Historical 
Geography of Southwest Guatemala/^ by Fells Webster McBryde, 
were eetit to the printer. 

Of tha S61,13iJ originally allocated by the Department of State to 
the Institute of Social Anthropology for the fi^al year 1945^ $3^500 
was transferred back to the Department of State and Jfi^SOO trans¬ 
ferred to ibe Handbonk of South American Indians for the purchase 
of an extra 600 copies of volume 3 to be distributed by the Department 
of State. From tlio remaining amount, $51,418 waa actually obli¬ 
gated, making a saving of $3,714. 
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In June 1D45 the Szoithsoukn Institution accepted a grant of ¥2^500 
from the Ofltco of Inter-Amcrican Affairs to be allotted to Dr^ Gre¬ 
gorio llerudzidez de Alba of Bogota, Colombia, for work on the 
anthropology of Colombia, 

liATTDBOOK OF SOUTH A^EEDICj^N l^^>TA^fS 

Work continued on the Handbook of South American Indians. 
Volume Ij ^he Afarginal Tribes,’^ was received in page proof imd 
volume 2, ^^The Andean Civilizations/’ in galley proof from the 
printer; volume 3, ^^The Tropical Forest Tribes,” and volume i, ‘^he 
Ciremn-Caribbean Tribes,'^ were completed and mii to the printer; 
and volume 5, ^'Comparative Anthropology of South American In- 
dians,” is in the final stages of preparation. 

ifrs. Lucille E. Levine, stenographer, resigned on April 10, 19-15, 
and Dr. Gordon Rh Willey was transferred to the Bureau of American 
Ethnology from tlie roll of the Handbook of South American Indians 
on August IT, 1M4. 

For the completion of the Handbook of South American Indians^ 
$6,000 wag transferred from the Department of State. An additional 
$2,500 vraa authorized by the Department of State to be transferred 
to the Handbook to purchase 600 ejetra copies of volume S for distri¬ 
bution by the Department of St Ate froin the amount originally allo¬ 
cated to the Institute of Social Anthropdogy. Of this total amount, 
$S,4d2 was actually obligated. 

aPEOTAL REfinARCHES 

Because of lack of funds, no special researches were conducted 
during the fiscal year. 

lajiToam^ work anu PUEucATjoNe 

The editorial work of the Bureau continued during the year under 
the immediate direction of the editor, M. Helen Palmer. There were 
issued one Annual Report, one Bulletin, one special publication* and 
one paper in the Institute of Social Anthropology series, os follows: 

Slaflr-flrat Anonal Eejwrt pE the Bureau of American Ethnolofiv. 10^1044 
S PP- 

BnUoun 142. T3if> contemponuT cnltnre of tbe cablu Ipdiaaa, bf L- 

BcaIo. itE^-244 pp-i M pla. 33 flaa, 1 mAp. 

list of FubUcatloas of tbe Bnreau of American Ethnology, wltn Indez to 
antiiore and Revifed to Juoe 30.1944 6S pp. 

insttlnte of ^tid Antaropoloi^ Ftibl. No. 1. Hoa^eir aad honse use of the 
Sierra TarascanB. by Ralph L. Beats, Pedro Carraflce, and Thomas McCorkle. 
5T PP-, a pItt,. 20 flpg. 
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The foUowing publications were in preae at the close of the fiscal 
year; 

Bulletin 13T. Tlie Indians of tlie Hoatlieastcni United States, hj Jolm R 
Swantoa. 

Bulletin 143., Hnndbeolr of South Amtritnn IndlaoB. Julian H. Rteword. 
editor. Volame 1; The htarflnal tribes. Volume £; The Andean cLrlllxatlane. 
Volnmc 3; The Troplatl Forest tribes. Yolmne 4: The Clrcum-Carlbbean tribes. 

Publications distributed totaled ll^TO. 

In addition to the regular work, the editorial staff of the Bureau 
continued work on the publications of the Institute of Social Anthro¬ 
pology. 

LIBRABV 

There has been no change in the library staff during the fiscal year. 
Accessions during the year totaled 204. There has been a large in¬ 
crease in gifts, both spontaneous and on our request. Aside from one 
large gift which came to ns as a unit, both types of gifts are double 
the number received during the previous fiscal year. E.xchanges also 
much increased over last year and material is beginning to come in 
from the various countries of western Europe now that postal service 
is once more established. Several foreign serial seta have been 
brought up to date by missing numbers supplied, sometimes in long 
runs, So that our serial sets are in a very good position, considering the 
disturbed conditions of the past 5 yeara. 

The routine of acoesioning and cataloging new material has been 
kept up to date, and the checklist for the supplement to the last edi¬ 
tion of ihe Union Iiist of Serials was checked for now entries aud 
errors and returned to the editor. 

lU-osniATioNs 

^ During the year E. G. Cassedy, illustrator, continued the prepara¬ 
tion of illustrations, maps, and drawings for the publications of the 
Bureau and for those of other branches of the Institution. 

ooLLStmaKs 

Collections transferred by the Bureau of American Ethnology to 
the Department of Anthropology, United States National Museum, 
during the fiscal year were as follows; 

IQ8052. Calleedoa of iipoottB and OshhoobB (tom Indians of the northwest Pa- 
cUk coast ot Brltlalh Colnmbln nnrt wqtheast Alaska; also a bone skin 
scraper from the Alsskan EsLkLmo. Proni the estate of David L Bosb- 

tflSaeo. GnllecUan of snows, akin quivers, sad headdrwaes (tom tbs Hups 
Indians. Hnmboldt Countj. Calif., collectfd hr IL G, Johtiaon. 
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3 ^ 0 . 

168939. Sltlmolo^aLl tipecLmoiid Mllwted by X N. B. Swltt from tli^j iroiiiaoli 
Indians of the Six KatloEis E#ser¥c+ GroDd Blv^r. Ontsrlo^ Cacuiila, 
BDd by James Mooney from the Choiotee of North Carol Itia. 

MIMJELLXfiE.aU9 

During the course of the year information was furnished by mem¬ 
bers of the Bureau staff in reply to nomerons inquines conoeming the 
North American Indiana, both past and presently and the Mexiran 
peoples of the prehistoric and early historic periods. Various fii>eci' 
mens s^t to the Bureau wei"c identified and data on thorn fumishad 
for their owners. 

PersonneL —Dr. John B. S wanton^ ethnologisti who i-etired on June 
30j 1944, was tendered an appointment to the honorary position of 
collaborator on July 4,1944. This action was taken lu recognition of 
Dr* Swajiton*s long and distinguished serrices to the Bureau. Dr* 
Gordon B, TVilley was appomtcd on August 16, 1D44, os anthropolo¬ 
gist, by transfer from the staff of the Handbook of South American 
Indians. Dr. Frank H, H. Roberts, Jr., was appointed Assistant 
Chief of the Bureau on September 23,1944. 

Bespectfnlly submitted. 

M. TV* StteimEsto, Chief. 

Dr. A. WimioriB, 

Secretaryy Smithsani<m Iiietitution. 


APPENDIX 6 

REPOKT ON THE na'EKNATIONAL EXCH.\NGE SERVICE 


Sib; I have the honor to Eobmit the following report on the Hctm- 
ties of the Intemational Eschonge Service for the fiscal year ended 
June 30, 1045; 

There was allocated for the espenacs of the Service $23,166, an 
Increase over the amount for t-he last year of $2,029. 

The Institution no longer on joys the use of the frunlring privilege 
in transmitting packages through the moJla, that privilege to Govera- 
ment departments liaving been discontinued. This change in the reg- 
ulations of the Post Olhce Department has increased considerably the 
work in the Exchange oRice as well as the cost of distributing packages 
formerly sent under frank but now requiring postage. 

The number of packages passing through the Service during the 
year was 386,768, a decrease from last year of 31,606, Tlie weight of 
these packages was 211,160 pounds, a decrease of 33,020 pounds. For 
statistica] purposes this material is classifi^ as follows; 
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Packages are forwarded abroad partly by freight to exchange 
bureaus for distribution, and partly by mail direct to their deatina- 
tions. The number of boxes shipped abroad was 983, an increase over 
last year of 334. Of these, 462 were for depositories of full sets of 
United States governmental documents. TTie number of packages 
sent by mail to foreign countries was 61,038. 
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Although the war in Europe ended in the latter part of the hscal 
year, it haa not yet been po^ible to reaume the regular sending of 
eonsignments to the liberated countries* However^ the In^itution 
was able to forward through the Office of War Information the boxe^ 
that had accumulated here for France (ISS)^ Italy (l^)t and Belgium 
It also succeeded in ending through the United States Des¬ 
patch Agent in New Tork^ Howard Fyfe, the accumulations for 
Sweden (111), Palestine (28)» and Egypt (IS). BeguJar shipmeuta 
to these countries, however, have not yet been started* The countries 
to which consignnaeiits are being forwarded regularly remain the same 
as at the close of last year, namely * 

Eastero Heml^bere: 

dr^at Britain DTid Naithem Irelsiid. 

RepubUc of Ireland. 

Portugal. 

CoJun of Soviet SoclaEtat BepiblLcs. 

Africa. 

India. 

Atistrolla^ 

New Zoaload. 

Western HemlaiilFere; AH caentrLes ovtsliJe uf the UaUed SCotea. 

Shipments to other countries will be resumed at the earliest date 
practicable. 

POBETON UErosrroiusa or oovE£^M£?iTAl. riocxrMZNT:^ 

The number of sets of United States cfBckl publications received 
for transmission abroad through the Service is 83 (56 full sots and 37 
partial sets). Tlio partial set for the National library of Peiping 
has been changed to a full set. Tbe depoeitoi^ for Mexico has been 
changed as indicated in the list, 

DEfOSlTDBlE^ QT TOU, SKTS 

AsBEKn^A : DUeocLCn do raTestlaacloacH* Arcblvo, BLUUoleca j LeflalaclOa Ei- 
traoj^ra, AHalsterla dc Eelaciones ExterEoTes y Quito, Bueuns Airei 
AuaTBAUj.; Common wealth PArllaiaeiit Hod NatEooal Library. Crnibeira. 

Nnr Sotrna "Wales : Public Library of New Bouth WaleSt Sydney. 
QtnxA'OLAiTP: ParUaineatary Ubmiyt Bdabaoe, 

South AmrsAisAi Public Library of Soatb Auatralla, Adelaide. 

Taoiulria s ParUnmeutary Library, BobarL 
ViomaiA: PubUc Library of Vietorla^ 

Westtss AuaxEALiA: PubLEe Library of Western AustrallH, P<?rtb. 

B&oiuu: BEblEotbeQne Boyole^ Btinellea. 

BaiicLj InstEtato KA^ional do LItto, RJo de Janeiro, 

CLa^adaz Library of Paritameiit, Qttawju 

BlAiriTOiu: ProTEnclal LlbniiT^ WionEpeg. 

Oirr^uo; LegleiatLye Library, Toronto, 

<J[jEtiEc i Library of tbe Leglslatiua of the Province of Quebec, 
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Chius : BtbSlotwi Nadimali Santiago. 

Cbina: Bnit-au of Intermtlonal Etcbange, Mtnlstr!^ of Efla^sitloa, ChDEi^lnt? 

Pi;inNo : National Ubrary of FtlpEa^. 

CozomeUl; Blblloteca Nndoual, BogoEi^ 

Costa JUca: OOdoa de Do|;^!to y CAcjo Jotenia^LoiiEl do PobllciLOlodOfi, Sati 

Cma: 51lalEteriD do ^tiido, Onn|e InteniacloDalp Hubaoa. 

CsEt^noBLovAviiA : Blbllotli^ue do rAssembl^ NatloonlOf 
De^chaak! Sotij^ell^ Datiak^ TldonsknbornGd Solafcab, CopuilmgoiL 
EarpT : Bnroan d-ea PubllnitloDS, Mi nisi dw PSnaneea* Cairo. 

EotozciA; BlEgIniionatukqgu (Stato Ejlbrary)« TaUtoii:. 

FoTLA^fo; Farllntuciitar^ Xiibmrj, HclfilnkL 
Fiam^: Hlbllotb^qua NatloEmlo^ ParliL 

GcauANT: HelcrbSTati!^^b.^tell^ Ito BjoicbsmEusterlniu fUr Wlas^iLaoliaft, ErsLebna^ 
und VoIkabllifuDg, Berlliip N. W. 7. 

PWidieiiA; ProusalBcbc BlaataliUiiEotlkck^ Boilln, N. W. T. 

Obeat Bettain ; 

E.-cQLA]ni: Brldab Mnsautn. Lotidun. 

lA^ndoji Bcbool of EconotBlcs and Political SciEcnce. tX>apoaltnr^ 
of the IfOndoD CoimtT CouDeil.] 

HlfftsoAnT I Ubrar^'t HuognrIaD Hgubo of Dalegates, Budapeah 

India: toticrioi l^lbrorj, CalcuttiL 

lido-AND! NstiottAl LiUmT7 of iTcInadp Unbllo, 

ItAtT : Mlnl^ioro deU^EducaxIooe Nn^onalo, Rom& 

Japah : Imperial Ubrair? of JapaOp Tokjo. 

Latvia: BiblioilLtNimc d'£tdt^ Rlgu. 

Lcadue of Nation 0 : Library of the League of NAtlomat Oeacrap SwthKrland. 
Mexico: Seoretarla de EuTaclon!?s Exlerlnrca, Departatftpiito de InformaclAEi para 
gI Extra ojerop Mexico, D- P* 

NETii^tANDO : Boyal Library, The Hagbo. 

Nrw ZxALAXo: Oeoorai AascmbTy Llhraryp Wolllngtoit. 

Nwtiieizn Iaellvd: H- M, SU^^^lDf^cty Belfast, 

Nobwat: UpEverAllcts-Bibllothek, Oslo, ^DepoeitoiT of tho Govenwent of Nor¬ 
way.) 

Fott: Secrtdn do Propaganda y PobllGAcioao$t MinUterto do Eolaclcoes Ex- 
torloros. Limn, 

Pqlaxb: Blblloth#()de Nntlotiale, Warsuw. 

Biblloteea Naclooal, Lisbon. 

Hukania; Academia Homslnd, BaebaresL 

Sfah^: Cambio Intonuiclonal do ['nblicaclones^ Arooida de CaIto Sotielo 2Gp 
Madrid. 

SwEDEv: Kuogtlgu BIblidfekoi. fitockholitL 
Swniei:L.^?i&! Blblloib^tnie Ontralo FWirale, Bgtdo. 

Twsxirr: Department of Printing and BngiavlDg, Ministry of Bdocatlon. 
Istanbul 

Ckion or rTB Amo a: State Library^ ProtorlAp Tran.srBaL 

UNtON or StiviET SociALiHT BEFirkLicK : All-Union Lculti Library, Moscow lltS^ 
UnRAl.vK: Ukrainlno Society for CuLlaral RoLatlons with Fcrolgn C^mEitrlcs, 
Kiev. 

Ubdouat: Onclaa do Canje InlemacloDnl do PublieiLcLciiio&, MontoTldoaH 
Venissuela: Bibllotocn Noclonalp Caracas, 

YtTooffLAviA : lifihlKt^re de n^^ucatlop, BelgTade. 
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DfiToarrovnfs or iszii 

AFQH.vRifftJtN: Library (if the Afghan Academy* KnbaL 

Eouvta: ElblloEKfl del MlutaterCo de Relocioji^ B^cerlorra j Culto, Ld Pm. 

GEs^viaai rNrectarlA Qeral e EBtntlscica em Minus, Ballo HjQri:zocte. 
BvltssR : Gevernmeat Swfetaty'a Office, Gcorgetowiip Bemeranu 

Cap? aha; 

Albexta: PnjTinelAl Ltbrory, Edmenlom 
BaiTjnn Ooltjicbia: PrOTSncJal Library* VTctorin. 

Xiew BatTfEBwici; Xf^EnlntlTe LibraryF Ptedeclfton. 

Nova Sooha : PruvlocKaL Secretary of Nova Seotia, Halifax, 

Pferyng Edwabq laLi-tsu I Legislative end Public Llhraryp CharlottelowiL 
RAREATcmEWAN: LegiBlaUve LEbrary> Beglaa. 

Cimjar: Cblef Secretary's Cfflico, Bceerd Det^rEwerit of the Library, Ck^lombo. 
DaiiiiricAPr REftmuc: BibUoteca de la Dnlversldad de Satito DomLago, Ciudad 
TrnJJIlo. 

IkruAiiOB: Elblldteen Nacloaal* Quito. 

GuA-cKicAtA: BIblloteca Nacionah Guatemala. 

HAtti: Rlbliotfae^iae NtLtSonAlet Port-ou Priaee- 
Hoxvuiuib: 

RlblEotoca y AtehlTo NaclonalGs, Tei^elgnlpd. 

ME&lsterlo de Eolaelouea X^terlores^ Te^clGalpn, 
rcKtArsa: National UbraiTt tteykjavlt 
Z^a; 

Eeroal : Library^ Beo^^l Leitisloturep Assembly Houae, Calcutta. 

BtnAR A7ra OarsaA: BeTenue Depfirtiaeut, Patna. 

Boicdat: Underaecreiary to the OovernmeaC of Bombay, OeneriiJ Bepart- 
merit, Eomhny, 

BtioiA: Seeietnry to the Government of Burma, EdueatLou Departtaeat, 
Rangoon. 

PuNJAo; Chief Boeretarj to tbe Government of the Punjab, Lahore. 

UytTUD I^vitfOKa OF Ao^a and Oudh : Bulverflity of jVlIahabad* AlMhabail 
Iean; Imperial MLalatrj of Education, Tehrno. 

IttAU: PubUc LibniTy* Bojehrtad. 
jAifAiOA! Colonial Seot^tary. Klrtig^ton^ 

LiHesia : Department of State, MoatOTla. 

Malta; Mtnister for the Treastuy* yalJeta. 

NEWitiUMJLAxD: Di^partmeut of Home Affairs, St. Jabu'^s, 

Nicahagoa ; Mlrilaterio de RelacJones Elxtorlorea, Matiaguiii 

Paitaiia; MIolatorlo de RelaclyneQ Exte^riorea, Panama. 

pAmAocAT: Mlalsterlo de BemcloneE Hr ter lores, Seccldn BlbUoteeaF AaonclOn. 

Salvados: 

Biblloteea Naelonal, San Balvador-h 

Mlnlsterlo de Beladrjncs Exterlorea, Ran S;ilvador# 

TKAUjiMn; Department of roreinti niflalra* Bangkok. 

Tatioas Citt: Blblloteca Apostollca Tatloanai Vatlean City^ Italy. 

INTERPARLIAMENTARY EXCIlAJSaE OF THE OFFICIAL JOCHitNAL 

There are now being gent abrofid CO copies each of the Congre^onal 
Bccord and Federal Register. The Biblioth^ue dii Senat, Paris, -sraa 
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added to tbe list dunug the year. The countries to which these iour- 
naiB are now being forwarded are given in the following list: 

DfrostTflonis c»r cosoiiiBeio.T,vi. bsoo™ and amisns 

Abqenttxa : 

JJIblJotwa (Jel Conip-i?so Naclonnl, Boenoa AJre& 

Sf'trri'a miniu^tafia, Baen™ Aires. 

^ RenOWIn Aruentlnfi. Mlalirterlo de JuatJea a laatracclSn 
FQlilJciip Buenos Aires, 

AMnuilA j 

C^aiBODwealth Parliament and National tIbraTy, Canberra, 

New Sottth Waijs,; Library of PartSaniont of Kew Soaib Wales, Sydney. 
QtrtzNBLA.SD; CMeC Seot’etnry'B OfS», BrislHuae, 

WEffTEnii AumLAUAi Library of PArliumaiit of Western AnatraUB, Perth. 

**■ ^ . w ? I I ■ ^ 

BJbllnteca tlo Congresso Nacloiual, Elo de JaoelFo. 

Aiuza74AB: Archil?*, Sihlioteca e Imt^reoan pirblica, MaMos 
Bahia : Ck^vernartor do Eatnda d* Bahia, Bio SnlTador. 

EomijTo Sawto: Pres^Edeocia do Estndo do EspErito BAnto, Victoria. 

Rio GbjLPniE DO Sut! "A Fedenicaor Porto Alegre. 

SKHJiPEf Blblloteeft PaMlcii do E^tado do Ser^pe, Aiaesjtt, 

SaO paim; lmp(renKii OAclol do I^iado, Sio Paulo. 

RfcmaH iroNDTJUAfl; Colonial B^rator^* BelfEo, 

Canada: 

Ixlbrary of FarUnoietit, Ottnwe^ 

Cterk of the Bella to, Hansea of Parllamout, Ottawa. 

CmA: Bibliotoeo, del Capltollo, Habana. 

FftANCKi Blbllotb^oo du Senat, Parla, 

Gkeat BaZTATN: Primed Llbrarj of thp Foreign OtHoe, London. 

Guatemai^: Blbllotecu iJc la Aa^ktEiblea Les3alatlTa, Guatemala. 

Haiti: Bibllotb^ao NstloDRle, Port-an-Prlnca. 

HorrotaLia: BlblLoteca del Cangreoo Nacloxial, TegncJgaliifl, 

INDIA: LeglelaElt^ DeparEnaentT SEmlfl. 
iBiBH FkEE Btate: Doll EEreann, Bohlln, 

Hence : 

DlrmlUn General de rnformartfln. Swretarfo de OflbemacKJn, hieilco D F 
Elbttoteca Br^njbzajn FrankHUp Me:rlco, D- F. ^ + 

AntfAflt!AiiEim»: Geberaoder del Eatadn <Je ABUsscallentca, ArnswaUcrtMi 
Cahteoiee; Gobomador dal Estado de Campeche, Cntnpecbe: 

Cbiafab: Gobemador del Estndo de Chlapaa, Turtla Gotlemiz, 

CiHBiiAmTA ; Gobexnador do] Eatbdo do Cfalbiiabtia, Cbthoahiin. 

Katode de OoahnUa, PaJacio de GoMemD 

aalEUlo, 

Couma; Gobernadof del Esfado de Collm*. Oollma. 

BmNoo: Gobemador CoMtltnelensi del Estadu dn Dnraneo Bnronen 
Cua^*jt7a™: Swretarfa General de Cobleme del Baladn. OuanfJnaTfl ‘ 
GTTEBXExa; Gnbernador dol EI<dado de Gaerrero. ChJIpanclnjED 
JaljbcO: Bibllotoca ^1 Ustado, Gtiadalajara. * 

Lowea Caiutsisia: Gobonjador del Distrito Norte, Meslcall 
UCetco: Gaectfl dd OobSemoi Teinca. 

seerernrtn Oenersl de Cblerno del Eetado de Mlehcacdn, 
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Wotcs—C oi] t Efitied. 

PAiBcIo de GoMemaH CncrofiTiim. 

Natartt: Got^rciidof de Nararit, Tepltr. 

XuET'o Le6it; Blb^Jotecs del EifLado^ 

Oajeaca; PetlOdJco Q&cIbIh Pftla^E?) de GuMeltid, OaxAca. 

: ^netarla OedeniJ de GubiernE), FuebLii. 

QcTEufTA^: ^MUtarfa Oeaeral de ODbiemo, Seccl^a de ArebiTO, Qneh*t 4 iro. 
Ham Lma Paroaf: Congreso del Eataden Bua Lais PetOHt 
: Goberaadar del l^tado de BlaaLoa, CuUacAa. 

Sd^o&Ai Gobemador del Eatado de Sonera. Berieoallla 
TABAEfxi ! Secreiarlfl General de Gcb^rnep Sesa36a 3a* Roine d^ FreDBa* TlUa- 
bencDsa^ 

Taaiatiupas: SecretarTa General de Gi?blenjo, Victoria* 

TtAicAL.\: Secretnrffl de Goblemo del Estado, TlAXcala^ 

Ynucauz: Gobemadot del Eatado de V^rnema* Dtspartminta de Gobema* 
tlda y Jaetlcfa, Jelnpo, 

TuciT^it ; Gobomador del Eatado de TucaiAij, Merida, 

New ZCAiiA^vp^ Gf^iteral AssenibLv Library, Wellington* 

Camara de Dlpratados^ Uiua. 

Union or Hovrm Ateieah 

Call or Gkwb HofS! Library of FarlbimccLL, Cape Toira. 

Tmasrvaai^ : State Library, Pretoria, 

GaoocTAT ; DLarlo OAeial, CalLe B'lorlda UTS, lioaterlileo, 

Venezuela; Bkbllotrea del Cougjeso^ Caracas. 

FDHEiaK EXCHANGE AOEKCtBS 

The French Service of International Exchanges, located for many 
year$ at 110 Rue do Greadlo^ Paris^ is now under the direction of the 
National Library at 58 Rue de Richelieu. 

Theru is given below a list of bureaus or agencies to which consign^ 
meiits arc forwarded iu boxes by freight when the Sendee is in full 
operation. To all countries not appearing in the list, packages ere 
Bent to their destinations by mail 

UfiT CV A{^Cim 

BndiUii;: Berries Beige dea fiebaages ZaLeraDtlaaauXp BlbBotb^oe Royale de 
Belgltiue, BraxeLlea. 

China; Bureau o£ Intei'nstloaal Exebangep Ministry ef Edccallon, duiDgltliiff^ 
CzEoasoaLor AxiA ! Scrtlce doa ^haagies loteriiaUamiiii; Blbllotb^ue de 
sembl^ NaEloaale^ Pragne 1-1^, 

1>WMUAMK* Serrlce DaaoLe dea J&cbsnfea lotematlDdaox, Sciigeilge Danalce 
Vldeaisluiberaea Selabab, Cepenbngeo V, 

&JTTT : GoreiTUBKit Press^ FaMIcatiaas Offlee, Bolaq^ Catm. 

PiirLANi>: l^elegatloa of the BcfeatiBc Sadedes of FbilaiidH EaBSragataa 24 
Helsinki, 

Eoanc®: S&rlce Franc&lg des ^cbaDges Ibtenifitloiiattr, BlblfothHt^^ NaUeoali^ 
SS Hue de RlCbeUeiip Parla 

ORMAttr; Aoiortkadiumut, OnirerEltatsfraiw a Berlin* N. W. T. 

Gseat Beitain ASn Tielanu; WheMoa A Wesley* ?21 North Otreulsr nondp 
Wil leaden. London, N. W, S, 
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Ht'TTeAKTt HuQ^tlaD Libraries Boards Ferendetteis ^ Budapest, rv. 

Ixdia: SupGrlDtendeot ef GovemmeDt t^rintlng aoij StaLlDDerjp Bombay. 

ITAI.T: Cifiela de^li Scaaibl later&mJonaii* MinJa fepiro <]eU'Edu 4 ^one Nailonale^ 

Japan ^laternatlonaJ l!^lebab£« Servleu, Imp&flal Library ot. Japan. Uyeno Park, 
Tokyo. 

Lati'ia : Serrlca dea £icbanfieB lutej-iuittoaaaA, Bfcbllotb^ue d'Etat de Uttonlo^ 
nigQ. 

NETHEau^irDs; laiernatlono] Ksccbab^ Burena of the NeUierlaads, Royal 
Lrbratyi Tbe Hagae. 

New SoTJrs Wales: Public Library of New Soatb iValei, SydMW 

>rEw Zeai^sd: General Assembty Library* WeUin^toiL 

Korway: Sen-lee Notr^ken ilca l-icliaopja Intertiatlonaoi, BEblEotb^oe de TUnl- 
reraSt4 Boyale, Oslo. 

pALEifTinx: Jewish NatloimJ and UnlTfitaity library* JeroaalenL 

POLAwa: Scrrice Polonals dea Eehanges iDtemationaiu, BlbUoth&qiue NatlonEtlc, 
Warsaw. 

PoarDOAi.: EeccrAo de Trocaa I&temiieloiuiLf^ Blbllote<A Nacionali fisbocL, 

Qtn^:NSLA.ND: Bureau d£ KxchabEes of InteraaGoaai Publtt^tloiia, Cldef Secre^ 
tary's Office, Brisbane. 

Biwania: Minlsitre de la Propaganda Nutlonale, Service d^ Bebanges Inters 
ontlonaox, BuebaresL 

SocTH A™rttLtA: South Auirtrallaa Coreruincat E^cbangea Bureau, Ooreru^ 
mont PrEating and Statioaery Office, AdelaEde. 

Spain: luata da TnteramibSo y AdquIdddD de libros y HevlistaB para Biblote- 
caa Pdhlicae, MlnSaterlo do Bducacldn NaelonaL Areulda CalTD Sotelo 20, 
Madrid. 

SwErtCN: KungUga BlbllatekoL Stockholm. 

SwiTzoLANb! Bcrvlce Sulase d^Echaugee lutematloaaux, Blblf otb^ue CentruLe 
Fdd^rale, Berne. 

Tasuania: Secretary to the Premier* Hobart. 

TfmEf: Ministry of ^ucntloo, Depanment of PrintlDg and EngraTing, Istanbul. 

Uifioii Of SocTs Ajileca: Government PrSntiug end Stationery Office, Cape Town, 
Cape of Good Hope. 

Union cw Snvirr SociAUiT BEPtmiJca: lutematloual Book ExchEnge l>eptrt- 
meat. Society for Cultnml Eelatfona with Foreign Gouutrlesv Moscow, 56. 

Victula; Public Library of Vlctorta* Melbourne. 

WiarrTOj Ai;miAiXA! Public Library of VTcfttern AustroJta, Perth. 

Yugoslavia: Sectioti des Echangra Iptematlonatix, Mlulatiro de# Affairs 
^rang^rea, Belgrade, 

Respectfully submitted. 

H. W* Dobset, Acting Chief. 

Dr, A. WETMoay:| 

Secret<tryj S7niih*<^nian fnetitniion. 



APPENDIX 7 

REPORT ON THE NATIONAL ZOOLOGICAL PARK 

Sm: I have the honor to submit the following report on the opera¬ 
tions of the National Zoological Park for the Bscal year ended Juno 
30, 1045: 

The Congress appropriated $334,651 for the operation of tho Zoo for 
the fiscal year. Of thia amount, S296,2TT was expended for all 
purposes, including $35,562 for overtime pay of employcoa under the 
legislative provision that put. overtime into effect this year. *^10 
leaves sin unexpended balance of $38,JiT4 subject to luiiior coriTcetiona 
when a few outstandiug bills are finally settled. The saving was 
largely on salaries because of the impossibility of filling vacant 
positions. 

During the war the Zoo has been able to accomplish its primary duty 
of maintaining an exhibition collection of live animals, and to main¬ 
tain it at as high a level as ever before in its history. Owing to short¬ 
age of manpower, certain phases of the care of the Park were nec«- 
sarily neglected, and no special improvements were made. The 
personnel has been fully occupied in maintaining and keeping in order 
as far as possible the grounds and buildings. An attempt is being 
made at the present time to increase the staff to prewar numbers. 

The United States Marshal’s Office has continued to turn over to 
the Zoo quantities of food condenmed for some reason as unfit for 
human consumption but satisfactory for consumption by certain 
animals. The malingers of some of the larger vegetable stores con¬ 
tinue to put aside trimmings for the Zoo, which gives certain of tho 
animals a supply of fresh vegetables and reduces considerably the cost 
of maintenance. 

llie Zoo officials have cooperated as far as possible with the various 
Government agencies, including the War and Navy Departments, and 
continue to supply facilities for art and biology classes and to furnish 
information to the public. 

NEEDS OF TBE 7.00 

The most immediate need of the Zoo is an increase of personnel. 
During the war more than 20 percent of ail positions have been vacant. 
The actual care of the animals has not been neglected, hut very little 
work has been possible in connection with the care and maintenance 

7a 
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of thfl buUdln^ and grounds. Prior to the war^ when the per^nnel 
had 1% days off during the week, the Zoo uvaa short-baudedi Now 
that is auch an aocumulation of work, this condition is much 
more noticeable, and when the 40-hoiir week goeg into effect U will be 
CTBn worse. 

A large backlog of work eiists in connection with the restoration 
of the Park buildings, fetices, and other structures^ Also, the Park 
has always been insufficiently policed* A force of 14 polic^en Ig 
not large enough to patrol an area of 175 acres and to guard the Gov- 
ernment buildings and property now in the Park. 

The office budding now in use is a hiatorio structure built about 
1605 but of which little is known prior to 1827* It was used as a 
residence from then until 1890, when it was taken over by the Park os 
an office* It is obsolete for an administration building. Tho fire 
bastard is considerable and our records and our library are not safe. 
The bam and garage adjacent to the office building ig an ancient frame 
structure. Modernization of these two buildings would greatly facil¬ 
itate the work of the office^ 

It is bope^l that Uie Zoo may continue the building program that 
was interrupted by the war and replace with modem stmetareg the 
old unsanitary monkey house, lion houoe, and antelope house* 


VISITORS 

There la an increase in the number of visitors, including schools and 
excursion parties, luid it is e.^pected that this increase will continue 
owing to gieater interest in the Zoo and to easier transportation 
facilities. 

A tabulation of cars parked in the Zoo during the fi>K;al year 1945 
shows the following percentage of Tigitots by States: 


WiiehLugtDD. D. 

C_— . 38 

North CflxtiniM„__ 

1 a 

ACnrylancI 

™ , £4.0 

New __ 

J.B lO- 

t fi 

VlrgliiL'i_ 

___ mi 

C^nfortila ___ 

2. m 

Pen Ilia 

3 a 


1 I 


____ 2.3 




The can? that made up the remaining 1S.95 percent came from every 
one of the remaining Stiiles, and from die following territories and 
countries: Canal Zone, Hawaii* Alberta, Ontario, Quebec, Cuba, 
Mexico. 

HUJf MUl Ur VIAITW^ 


___ 21"^ BOO 

Aupufft __ ISO. 560 

Sei>t(miber __ ISI, 100 

October-_ __ SOOv SOO 

Noi^eiuber__ __ 1S2.6SO 

Deceuiber __ WS, 000 

Jnnujirr_ ___ TZTOO 


Febmory _ _ ___ 138.800 

aiartb -- ais, 7Q0 

Ajirll --- 

Mnj- iCd.flSO 

Jane - 185,300 


Total-a 355 i BH 
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XUUBEB 01* Tnoa wmools 


i>, 0 

Nuatber 

... 45 

Jfii kfib^r 
In crrt>ii^i 

1,301 

SS4 

Marylflud 

fKl 

Virginia _-_______ - 

___ 2T 

P^nnfly 1 n ti« 

1 


Kortb Gnmlibii 

,, 1 

IS 

Total - 

i€a 

4,127 


ACQDISITION OF SPHC1ME:^S 

A few aDimals are comlDg into the market^ and tlie Zoo lias 
been able to add a number of interesting sfieciinens^ Chief tunong 
these are a coUectbu of attractive West African monkeys and a few 
birds from South and Central America, 


cirxs 

Many interesting specimens have been presented to the Zoo during 
the y^r^ Among these were u pair of Solomon Islands cockatoos^ 
u red-sidfHl lory^ a cardinal parrot^ and a Pacific swamp hen presented 
by hlaj* Gen* K. G. Brcene, th S* A. j and black-striped and pretty-faced 
wallabks from R, Ap Bryant, Jr.^^ of CoFonAdo, Calif. Sirs, Erika 
Cook Bascom brought with her from the Gold Coast a pigmy galago 
and two green fruit pigeons^ mre in captivity. From SeBor don 
Alejandro Cabalkro Gamboa of San JosS, Costa Hicai came a collection 
of brilliant cage birds, sent through Luis Marden of the National 
Geographic Society, who nlso pre 5 ?ented a trio of Costa Kican turtles. 

James Landis, of the Foreign Economic Administrutioni was pre¬ 
sented by the Government of Saudi Arabia with a pair of the rare and 
beautiful sntelope, which he sent to the Zoo. 

George Ballou of BeLhesda, Md.^ continued to donate various mam- 
and birds collected during hia field work in the ^iith. 

ADTIOne atFTS 

AUlerGDti. WeuUelt, Maiatinll HalJ, blacJc widow spider. 

AUant, H. A„ Arllnatim, Va., Apossmu. 

Ai3dtews note, WosMu^oo^ D. C.* whEte-telk'd deer, 

Andrews, MaJ^ AC, ArllDitoD, Va^ whne-Hpped toidariii- 
AnseU WnntSp AuiuipciUA Md.. iiEue^bOAded armadUio. 

AnUiDDr^ Arlln^oD, Th,, Cooper's liawlL 

Ballou. George. BetJieBdi, MtL. ahort-toEled shteWr two diamond-back rattlesaiikee, 
two coUoDinODtb iDDccaalua bIjc blatik soakes, cotton mK fntid «riake+ six aarter 
snakes, two ludiAo saoket, two blue racer suokes^ cUlcken snake, turkey vuJturCd 
lire deor mice, meadow moose. 

Bsrtscli, Poul^ WaabEn^ou, pUot blnck snakes 

Bfiscoiu^ Mrs. Ertka Cook^ B. G., gnlsoa, two jm^u fruit plfftwfiA 
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Boa^Joy, W* D. C., fipirrow hawk. 

Bell, Mr3. ^ H., AJeXandrfB, Va.^ two Pekin dackfi. 

Beil, X R., Wafhln^oa, D. G,+ three aluLft-toUed ^che^n three epiee hnehet. three 
canaries, fli-e fiodety fineh^ foar febro fljsclieft, Birawbenr finch, olke Cnban 

Bieeoe, 5faj. Cen. H. G.,. U. cardinal parrot, South Paelte swatnp hen, 

two SoUimon iBinnda cockatoos^ ted-^Lded lor;y+ 

BresneLhRD, Polly, Pee^, aud Tow, WufihliigtOP^ D. C., two Pek[n dneka, 

BrowulDg, Charles, Jackin Kel^ta, 1^. X, boi turtle. 

Bryaott R- A., Jr.^ CoroaEidoK CaLtf., three wallabies. 

Batts, Earl B., AlexandiiB+ lGn§;-tniJed fikiink, 

Cuae, George W., Bethesdn, Md-, horned H^rd. 

ChLttEck, Peter, M^^Lcan, Ya., red hat, three feuce lliards. 

CochnlDH Doris WnahSaglOh, 1>. C., 2 eaacade trogs, 25 local winnows, wood 
tnrtle. 

CoJe, James C, Waahlo^on, D. C„ 72 goldfl^ 

Colhotdt Wn^ln^DB, D. C., sIt ^Meu pU^satiits. 

C/onner, Capt. T. E., U. S. A., hairy arwadnio, (prison^ 

Coofttaiitlaides, George^ American EmhBSay^ Ilsboii. six chDruoleons. 

Citokn Boberi. WnalilhEton, D. O., black snake. 

Dovls, Wat9oo+ Wftehlngton, D. C-p keeled green etmke. 

DooIqj, Cliarteo, Wnsblngton^ D. hltie-^red Mancburlan pheasant 
de Yhftmjnda Mrs. Mgra, Wu^^hiiteton, D. C., two Fokin dnek^ 

Dickenson, Phlllfit Betliesda, Md.n loar tree tonde, anoppln^ turtle, 

Dixon, Mrs, Daniel, Wasblogtow D- CLp rabbit. 

Dtm'Gll, ilrs,, Colmar Manor, Md-* blue peafowl. 

Drain, D. EL, Belvolr^ Va^ catbird. 

Drown, G. H., Berwjnp aid., red fos. 

Drtjid Bin Park Zoo* Rnliltnore, lid., two spiny dal led Lizard Sp bald eagle. 

DidftTi C, IL, Red Lodge, aioni^ three peacb-faecij loye birds, 

DnhUip, Cnpt. S. B., WashJogEon, D. C.^ two Maseory’ dacJcs. 

Dultoo.^ Joha B.. Chery Clmse, Aid-, opoe^m and young. 

ElUnt, aiaj. W. E., Arlington^ Va„ blnek widow splilcT, 

Ennes, Richard. Washington, D, C., water annko. 

Ethcrldge. Jain!i?B fl,. Waahln^oa, D. C., two alaehandcd armadnioa. 

EwLu^ Mrs, James U, Wfishiogtun* D. CU Pekin duck. 

Fernandec. Mw, Etaymond. Wasblngtou^ D- C,p three Pefein duckSL 

Fish nnd Wlldlll'e ^rrlce, BllllngSp Modl^ hybrid Canada goose x blue gowo. 

Fi^b aisd wildlife Serrtce, Brigham, Utah, eight gteen-winged tenL 
FUh and Wildlife Serrlce, Waablngtoa, D. C.* through Fred Orsjnger, Aquarium, 
3 Eolricn url, h ear|>. 5(1 yellow pereh* 

Faster, C. W., FVilrfux, Vm., alligator, 

FrautA Jean DL, Betbesda^ Md-t two Polrla ducks. 

Frye> Mrs. Jack, Falls Churchy Yo^p two skiioks. 

Gambon. Alejandro C-. Saa Joad. Costa Hien, two Coflta Rican chloraphonla, two 
blus-baodcd euphonia, eufibutila, blue tioney creeper. 

Garrison. Mm W. Washington, D. yeUow-beiiided panoL 
Gnttlt Stephen A.t Washington. D. G.. sparrow hawk 
Glhi^m, Nolan, waKbtngton, D. O,, two barred owLa. 

GUimer, LL Comma tidur L. C., ArmBpollB^ Md., gray sqiilrrol. 

Gude Bsm COr, Washlagton, D. C.. alligator. 

Hiunlet, Johi, N\ Fisli nnd Wildllfi- Serrlrg, M'lmblnetoD, D. C-, lonE^red owl 
turtlCt raTGOp flag ground sguLrrel. 
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Hard?, David, Cfit^^nsvUte* MdL, gopperhfead smulie^ 

Hart, Mrs^ J. F., Bf^riTTlKe^ turtle. 

Heiirit, W, Jr„ ‘VVaBhlustou, D. two Tmifl e^otiad f^tilrrelo- 
mtibnm, Cbarlcfl, iind Neal, WUlLim, Wo^instoD. D. C.. ^mootb-flcaled green 
suEblce. 

Hoeke, Mra. W. L-p Waabtngtonp D. C., ftinr gra^ parociDeu^ 

Hume, Tbomnit Lvp tVasliLfigtoan D. C.p U^ree PgkLn duckak 
HDtrZilnj^n, Fred^ Wafiti:li)Aiot 4 D, Ch, blue racer Hzmke. 

Irwin, ^Kcke^^ Boiheiyfla, ild^, Muscovy Huck. 

James, C., Cedar HTJl Bird FfiTO, UDdover. Md.p 9jiill3 American tbni^lx 
JarrlBp W, O.p Washington, D. C., prgean^ 

Jobnson, Mra. PbRanderp BockvEUe, Md., mourning dove. 

JolinsoA, Robertt Waslitngtonp D. C., 4 tn^g^, aalHmanderp 2 grcea anukjca, banded 
sinter snnke, garter Hnukiiv 12 green Croga, blue racer suako. 

JorgeuscDf Lorraine. Waftbiogtoo* D. Ch- two Pekin dncl^. 

Jasl>^, Unre, Hethisdn^ Md-i Pekin daclL 

Juatlee, Mr. (1), (addres not recorded^ double yellow'beaded parrot 
Kent* William and Wallac#, WnsUIngtosi, D- two Fed-abonldered tlawts. 
Kmg. J. 'Washington, D. C., spider monkey, 

EuKckp M/Sgt F. E f U. A., rhesus monkey. 

Kutfese, Ensign J. Frt Waklilngtaop D. C-f Florltln banded water pu&ke, 

Latmlug, Mnt John, Cottage Clty^ Hd.p four \mra owls. 

Lavengood, Mrs. T.p WnyhingtidlT iX C, liduhlo yellow-bonded jiarrot 
Lee, B-Lchard H., Wesbington, D. C.p five olUgatnftL 
LowFSp Alum W^p Woahlagtanp D. C., burned llmrd. 

LewEsv UriiL ^f. D-p Chevy ChEtse, Md., three mallard dUL'ks. 

Uttlepage^ Mrs^ Jami?s H., Wasblfsgten, D. C.+ gnrter snake. 

LockCp Otto MartlDp New Bniuiircls, four ultie-tninded annadlllud. 

Iicillls Herrltkg A Co,, OrlandOp Flu.^ two Afrieau elaw^ frogs. 

Miilker, Mm, It W., Waahlngtonr D. C., F^-kln dncit 
Uauu^ Willlaia M., Washlngtoiip D. G^p mole. 

MBreow, Michael M., WiisbEngtun, D. Cr, wliHe uElgator. 

MardeUn LxjLb, Sau Josdp Costa EEeap three Costa RL-can tortle^ 

Mauer, JainE^ B-i Linden^ fotir Fokin duckfs 
McDertuott^ Henry J.^ Tukomit Parkp Md„ Uto ratiorIeiL 
McNlsht JoliDp Chevy Chase, MA, black saako. 

Melkle, Mra, J. C., I^'ashlagtou, D, Chh two Leclaucher^s bun tings, 
hteyerp H. £., Miamj+ two grcea racer snakes, blue^talled skluk. auollA 
llIcbaelH I 4 Arllngtonp Va.p blaek widow spider. 

Miller, Oerrit a., Washlagtati, C., two box lurtl^a, 

Mdler, Lutber, Chevy Chase, Md., three Fokin ducks. 

Mitchell Mrs- John W*p Sliver Sprlngp Md.* rlug-nccked anake. 

Nava] Air Bnse, Wa^ilnglou, H. C.p chain king sunke. 

Ncrl, Jiisepik, Wasbingtan, D- four rlng^necked doves. 

Ogus, Dr. Will [am 1., Waablngtoa, D. G.r yt^llow-headrd parrot 
O'Roukc, Margaret A., WashEngtoOp D. C.^ Pcklo dhek. 

Patien, James, Washt&gton. D, C., ntioHa, Cumberland turtle. 

Payne, Mr. and Mrs. J. U,, Washlngtoiip D. C, two homed lliurda, 

Potcoskoyp B.p WaHhlugluD, D. dp two ungini rabbllli. 

Folieyp Snbiaeh National tnatltnte of Healths Wu^lngtoa, D. C., two rice rats. 
Powers, Lt Arlhtir J„ U. 9. A., S pSJol black snakes, 4 water SDEtke^ 2 garter 
snnkeSp 3 hog-nused snokos, 10 eopiparhead snakes, rtcg-necked auttke. Da Kay's 
snakes ^ water snakes. 


— id - 0 
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Quttttch, Robert, ArUn^on, Va^ ailIgntDr, 

Bacej^ S(r8, E,, WiL^lUftori, B. nine 9ylD£ sgoirralB. 

ILij-fleldp Earl, Waabln^oo^ C,+ hawJc, 

Beuw3[2k. JobQ Mr^ Wasbln^oD, B, C.p mccootL 
Rlcbtm^iv Mrs. NcJson, Betheatlu^ Lvo taallard dndtsL 
Robertson, Pat, JUfriflJjdfla, Viu, mookey^fttce owL 
Rose, Arnold \V„ lieesbur^, Fla., rflttlesDa^c, 

Rose, Mrs. R, Wftflblnaton+ D. C^, two fmss pDroqnets. 

Rofiet, John, BetbesdDp Md., mole ^ake. 

Rnppcrt, RjijiDand, Jr,, WaablDgEan^ D. d, eaffteni ^ok. 

EutbllM. Paul, Santa Fe, N. Mex., ^ riser aalaimindera. 

Sale, F. E.p WasbEnstoTj, D. rlns-ueekeil do^a. 

Sflodl Arabia ^ GotperomcJit of, tbrou^b Jnines LandLs, ForoEgn Eeonomie Admin* 
IstratloD, 2 Arabian oryi, 

Schad. l>ona]d C- BaltlmDrOp Md -4 cooler turtle, 

Scbaelerp Franlc J., MIdUlebnra. Va., oeeLoL 

F„ Hillside, Mil., two ball water snake, garter snake. 

Sbcrwln, A. J., Waabtni^oDp B, C.p Pekin dock. 

Sblpp, Ralph, Wa^blti^oa^ D. C.^ hlaek anake. 

Sboateck, Robert, Washington, P. d, three fenee lEs^^rds, blue aklnk. 

Stnltb, 31 rs- CL, WaahJngton, I>, C., ifcnneatic mice. 

SmltJj. Titi^lnla, Ri^nnoke, Vn., Gpluy-talled l^rtiarm, 

Siwirrongh^ Mrs, Etbe], Washington, D. C., Fekln duck 

Sptuks; Dr. and 3[rs. WilUniu H„ Waablngton, D, C,, two coo ter turlTifs. 

SEAbler, Albert, Jr„ Silver Spring. Md., longHtUled fowl, two red Jungle fowl. 
StJrrldeOj W. R,+ ’WiisliJiigton, B, Cr, boi tartle. 

Tallhnt, Montague, Manatee^ Fla., eoacbwldp anake. 

Terbougb, lobn, Arlington., Va,, codcIl 
Thomns, Cbniincoy S„ Washington, B, C, isea turtle. 

Thompson. Bobby Jane, Brookmont^ 3ld., mallard duck 
Thmnpsoup Roger L., Waablngton, B. C, aOlgater. 

Tlnunons, Mrs. B. N., WaslklngtOhn D. G., vrMte rabbit 

Timmona, Manly B., Tro>% S. C., pilot black auilke, pilot snake^ com Snake, hog-- 
noe&I snake. 

TruebloiiMl, W„ Andover, N. H.. two wpod tnrtli>a. 

Tnmer* H., WasJUngtoDp D. C.* bog-nosed snake. 

UptoUf REtzabetL, Tk^alisim, Md., cottontaU rabbit 

Vnleuxnela, Mnt Poaftrlo, WnsblngtoCp D. C., westero mockingbird. 

Wenlej, J. J„ Hyattsvlllc, Md.. great homed owL 
Wiodsort Mrs. CL G., Waslilngtou, D. C., ojjoeantir 
WJlaon, Mrs. T. W.* Norfolk, Va., rbesna tnonkey. 

Wlnton, L., Wasblugton, B, C„ weuieJ, 

Wooten, Bdgar A.^ Bnckeye, Aria, homed llaard. 

WorlcJi I^eonqrd, Wasblngton, B, CL, opoaanm. 

Zoological Society of San Dlcfio, Cbllf., seven boa ftmatrlctora, 

BIRTHS 

Notable among the births was a hybrid gibbon, Hylaintes agilia X 
Rylohatea fer. Tlie mother discarded the baby after nursing it for » 
^e, and from then on it was raised by hand. At the present time 
jt is over n months old and one of the most popular attractions. 
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On March 4, 1945^ there arrived the first giraffe to be bom in the 
Zoo. This female is the offspring of a pair obtained in 193T by the 
National Geograpbie Society-Smithfionian Institution Expedition. 
One of onr two palre of cbincliillaBj the first ever exhibited in the Zoo^ 
gave birth to a litter of three yonng, and the other pair one young. 

Added to our list of hybrids wae a baby monkey^ the mother a white- 
faced cflpuehin, the father probably a brown. 

The birtlis and hatchings are listed below: 


MAMMALS 


flanii 

UTtia _____ 

___ 

______ 

Bidet CH^urut_______ 

Bi^cn __ 

Bom ______ 

Bdt _ 

CvhiUM cdpirWnat____ 

CkinckiUa --- 

Choerojfm libcrientiM-^ __ 

Bditui doma^ ---- 

Damu dsmo .... 

__ 

Fe/ii wn^ffior____ _ 

Fflit _____ 

Fcfti _ 

t?i>aj7a camfl&pordatis^^^^^^ _ 

HapoU ____ 

HippopoktmvM 

Hylobaia lar pUtal^ X Hytahclei 

_____ 

Lama Qlama^ ___ 

Lama pacan^ .. 

ThyL^U - __ 

MiWJcatter aiypu-^^-^-_ __ 

□ddunftua _ 

Ondftlit gtffffroyi ____ 

OwJ EsaTPS____ 

On'l rttrojidituf_^_ __ . ^ ^ ^ ^ 

Pflflpftagtff Qrunnimt _ 

■F^iu^j naj/diir.^^___ 

Tntiroifapi^ eni^—__-__ 


C^Mfm nam* A’itni^ 

Aoudad-.__ _ 3 

Mexican i-plder iiuDnkey__,_,^_^,„„,^ 1 

Alio 2 

Gaur--^-.. I 

Amihna&D bUon^.. . 2 

Bntlah Park 2 

West Highland cbuJo-^- -- 1 

Capuebin mnnkay--^^_ _ _ I 

Cliiiichilla„, __ 4 

Flginy bippepotaraus.. __ 1 

Fallow deer,^^ -- 1 

VYkite faltow deer.^ -- 2 

Pal&goniAn cavy ___ 2 

FumA,,,,_ . 2 

Black leopard —_ 1 

Bengal tiger _ _ _ _ 0 

GirafTe^^^-*.___ 2 

MarniDflet^ _ _ 2 

Hippopotamus-- _ _ I 

Hybrid gibbon^-^-, _ _ 1 

Llama.^__ 2 

AlpaoA-^_ __ I 

Dama wallaby - 1 

CoypU-^-^ .-. 1 

Virginia dccr_^*^___^_-^,_ 1 

Geoffrey's cat - -2 

Wooneesaheep--- -- 2 

Moufloo_ _ ----- 1 

Yak__-. ..- 2 

Bharat ojr blue shoep_. _ - _ --------- 1 

Eland-.-- 1 


T^aloretdi maniiiniit X UttuM mtd- 

dmdofJS___ _ Hybrid bear_ - __ 1 

LTroci/^a cC]i4r«^oarj^e7ft^ ___ Cray fai^-_ __ _ _ _ 4 


CAtnopit 

Fuliai amtricana _ 

Larut mitntAai/andw- 
Tbenispy^ caMUm&Ho 
Twlur rioofiuM __ _. 


BTKDH 

Block swan ^ - 

Amerfcan eoot,-- 

Sliver guU _ 

Zebra dngh-- _ 

Rteg-nacked dove 


1 

2 
6 

11 

2 
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Herw Hqnind 

MauB' 

CD ill 

Btfdi 

RvbtJln 

AStnURH 

^^■tf 

TUh 

laTCFtr-r 

btmtn 

Ti^tAl 

FraMtHl^„,.. : 

Boro or hatefaed. 

ra 

m 

« 

Ul 

IS 

m 

SI 

1 

tiS 

a 

m 

03 

ifia 

4 

m 

HQ? 

m 

IS 

lEO 

Reui^Hi to miwBeB _ ■ 

Tarfihjupd . . 

m 
« : 
4 



D«malt«4... .. 


Tnjt^i.. . 

I-P l-T-« 

m-u m l i.- 


m 

S43 


311 

lOi 

tOfS 


AoJiDnls on h&n^ Ju\j 1, 1044___ ____ __ 2,435 

ActesaKoi!!# daring the year____ ___ _ _ ___ _ 1>042 

Total DTimher of abSmnli in coliectioft ilurlrig the _3^47T 

Removals for various reasoDs sndi oa doatb, exchaDges, or i«tarn of an!- 
totkla on depoalt^.___ ____ _ . . . 854 

Ib {TollectloD DD Juno UJ45___ ___ __ __ __ __ 2ptS3 


^totuf of coUociion 


Cliu 

apKk# 

' TOiSLk'idtEila 

Ciw 

Spccka 

Inilividtt^ 

Uuunnh.. 

3)4 1 

BTT 

Ifuorti 

1 

lOD 

BJrtt-- 

m 

B04 

Araduiidi.......... 

1 

2 

R^tka.. 

10 ^ 

417 



AmphUiliA*.. 

31 

IW 

taui 

m 

2,m 

I'Eib ... 

S7 

MS 



A Ibt of the aniaiak in the collection follows 1 


ANIMALS IN THE NATIONAI. ZOOLOGICAL PARK. JUNE 30, 1045 

MAMMALS 

UAaaCTPIALIA 

Didclphtklae: 

DrJtfipfti# BrffifM'ajia.-,, __ _ _ _3 

PbAlangeridoc: 

),*^ FtUiuniM brmciPt .. L«aer ilyliig ph£kljvi)g)er_ 2 

Peiaurtit norfottserwt^^ -- Auatmllto flyln|f phalang)Cf,.„_^_^ 2 

Macropodidac: 

DtndtoiaffuM iTtu4tu« _ _— , . —^ Ne* Guiaoa tree kungaiDO^^^ _ 2 

Heaclrcfa^^ mujli4 Fibsche^a tiee kangBroo _ __ 3 

Afacropui __ _ Great gray kAoganKi _^ _ 1 

Thtfloffolc ___ Daidb 2 

Tral^aftio doriaZIff ___— BtMk-fitripod wallaby^, [ 

Phaacolotnyidaei 

VomAttiuj -- - rilndeins lalaod \ronibat^ _ I 

iNa&cnvosA 

Soricidac: 

Biorino _ Short-tailed 1 

Scalopva oguoticuj. ..... . Mola*^_,.^ _ __ ' 1 
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OAAKIVDKA 

FeUd««: 


_Cbectah,,-- --- 1 


Fslit , 

G&ld^ _____ 

-.>. a 

FtJlf: 

Jungle _-__ 

.... 1 

Pfi^if CTinOO/0f-»^-. 

Punuk. ^ ^ ^ ^ ^ ^ - 

_ 7 

Fdi* ccncfAor 

Ffltd^DniAll pitma __ 

—. 1 

n^jn- 

4 

6 

Fdis cGTiodQr X Ffiit ctmatlitr 
pai^Qonica _ _ 

Fdu IcQ^ _ . . _ . 

NdtUl Ajnarlean X South An 

PAH p.^1 m ft 

Liqd.- -__ _ _ __ 

F*lu anca _ _ ^ _ _ _ 

FtfJi* pfl]rcfrtlu„ 

Fd4t pttrJiit^. _____ 3 __1 

FflfiJr ii^ii- _ _ _ 

paguAf,- ---- 

[Blick jflgUAT.--, __ 

Ocedot ___ 

ritidiaa leopard. __^ .... 

[Black Indiaa leopard__ 

BeDizoi liner 

4 

.... 2 

_ a 

s 

_,__ 2 

3 

_ 1 

Ftiu iiffri* Itmgipilit _ __ 

— — — — — — W — ^ 

SiberloB tiger, 

Frth tiffn* tumair^^^^ __ 

SumatraD tiger— _ __ 

4 

Lyns rtifv9^ _____ 

Bay lyni, ___ 

2 

L|/nx v^infa ^ _ 

Bob cat_ __ ___ 

i 

A?>rt/f/iji Ilf /m£fMii .. , 

Cloiidfwi Inopaid _ _ _ 

i 

OnHfelit gtoffrojfi 

GeolTioy's cat....._ 

3 

OnfiUa pardinoidtM^^^ _ 

TjiCseer tiger cat.. _ ___ 

_... 1 

ViivejTl^laei 




Bmtufong_ _ _ 

_ 2 

CtHUiefii cinUd 

Afrleftn civet_,___ 

1 

My</na£ Jdti^indUf- _ _ 

Dwarf ____ 

.... 1 

P<irai:fgdtcri£c Aennapftroififuf_ 

SmalL-toothed palm civet....- 

_... 1 

Hyaenidae; 



CVdct^fa croruto firmninaiu^_ 

Eaat Africui spotted hyena. 

1 

CanicUe: 



Cddii J^roTic^__ * 

Covote ___ 

1 

<7ani« fo^raiu X famiHaru ___ 

Coyote and dog hybrid^..., __ 

1 

Cdnu liipit ... __ 

Plains wolf . . 

2 

Canit nifftr rvfit^ ._ .. 

Teaaa red wolf_ _ _ 

.... 3 

Ciivu jdHdtnii dUTnolrenM.--._ 

Sumatran wild dog^^.__ 

.... 1 

Didjicyim fulpfuiu^ _ _ 

SotllJh AttkcrirATi foa: 

1 

Ihtftci^it (Ceiviac^^A} (Wut ___ 

South Ameriein fox^ . 

1 

N]tdertutt$ proc^fOn^idt* ___ 

Racoon dog__ _ 

?- 

t/rpcy*^ cinereoKWfffFifniJ*^^^^^ 

Gray fox,... 

.... 8 

Viijptfl/aipa**^* _ 

Rod to« _ 

.... 10 

ProcyonidAd: 



A'cuufl Aariofii_„, _ _ __ 

Co AtiiDiiudL. 

12 

ATcr^a __ _ ___ . 

NelsOn’^a coatimundj.._ 

__ 1 

pQtoM fiavut .. 

Kinkajou . .^.. __ ... 

S 


[Raccion^, _ __ 

,-. 5 

PrtNrpon __ ____ _ 

Black raccoQD__ ___ 

.... 7 


Eaccoon (albi-no)..-..^ . 

____ 1 

BuamlAcidiLQ: 



Bd^orucut c»£uffeu„..__ 

Ring-tail or cBcomJstliO.__ 

____ 3 
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MilvtelldBe: 
Griffi>n ip_ 


_____ 1 


Lvlra canodcnfif voga__ 

Jlcirida atter._ 

I^ra (Aficrooni^) cifurca^ 

SmaU-^&wtd otter^___.__ 

Mortei (Xompne^oEie) fiatnffula hen- 
rieii __ _ 

Ablatio ttLftrten__ _ _ __ 

\feU* mdet ^cpforAynMuf — 

Chimeac 

MelifpQTQ^ capennt ___ 

Bate!. .. , , . _ __ 

Mephiiit mephUii ni^a __ 

Skunk _ ^ _ ___ 

Muelda enersnianm _ ^ ^ ^ 

Ferret___ 

M liitifo frenala noc«&omr«iuif, , _ ^ 

Weasel,,.... 

Tfl^a harb^ea Barbara. ___ 

Wliitetftym-^ __ _ __ 

Tdjfrfl ^rWa ____ 

Gray-beaded iayra _ 

dao: 

Euareiol 

Black bear . ^ 

^xEdrcfoi 

TT imalaTan bear 

FUlaTclM malayajiia.. ____ 

MaJay or aun bear __ 

iUcfurmt uriiniu^^____ 

Sloth bear __ _ ___ 

Thuio/ctof mortfimut__ 

Pokf bear-,, .. 

T^oiarcfoi inonVmuf X Urti£$ 
m iddendorM^ - 

Hvbrld bear__ ^ ^ 

—-—I- ^ V« VK •■ V >■ W ■ V ■ ■ ■ V ■ ■ 

TVemdrcl^ji <rriwa4itf--w____w__-_--- 

Spectacled hear _ __ 

L^rfMA are£os_____ 

IIuropcBJi bromn hcer _ _ _. 

L^rfuf czrc^EW TTifrEdtonafis._ 

Gaucaaea bmwo bear__ 

LVffUf , - , _ __ 

Alaaka Fenliisula bear ^ 

f/rriis ___ 

Kodiak bear.^^ ^ 

Urnu tiskmAiM^^ ______ 

Sitka brown bear ___ 


I 

3 


FlKfeflFEDU 

Otarildfre: 

^Td^AiifWi/c^rniiaAui. __ Sea lion___ _ _ 2 

Phocidiw: 

Fhoc/a mtulina ritlaricfrt,^ - - FkcMo liart>ar kilI___ _ _ 2 


FSIUATES 


Lemuridae: 

Lemur 

Callitricliidafi: 

Colliihris jacchuE _ 

Co^tZAriz pmtin'ifato._ 

S&imirklfie: 

^a iTFItW ECiUTtUM ___ - 

Maimin' sp-... _ - _ 

Cobidae: 

pal^iVfa m&imnue. 
Erf £npif^uf —^ , 

aptila __ _ 

Celnia 

Cehii 

Ldifolhrit la(F^icka^ , _ _ 


MoEgcwe leiBUF__ 

White-tufted matuioset-_^_ 

Black-tufted nmnaoset.-.^^_ 

Lion-hsaded ^r galduD luajnuoaet. 

Tttl or squirrel nueekev ___ 

Tlti or squiml moukej.__ _ 

Howliog nioukey* _„_^^_^,.. 

!D0iln>UCOuU or owl mnnb^y 

Bpider monlicy-^-*, __ 

Gray cnpudiin __ 

Wliito-thrCAted capuahin*,, _ 

WeepbE (apuchia--^.™ .. 

Woolly mookej^^,. __ 


2 

4 
2 
1 

1 

1 

1 

5 
0 
2 
2 
4 
1 
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CercopiUiccliifte; 

(&fgwaiut -Sooty moogaboy- - - - - — 

Cercd?]i^^pbca Vervet guenon. -... - - 

Cerwpif^cttiadAiopiflobaflirt_^-,_- Green guenon— 

CercopiiAtffUf Monetficlied guimoii- - 

CwflipiiAtcu* Jjano-^-Diafl* mofileoy^,-- 

Ofdiftna roloiciai/__^ ^ liokjwAy monkey------ 

CfTMpitAecwj n£|ffeciut__ Do guenon - -—^ 

Ceftnpi^^ctti nieb'laru pefoijrtim,-- Lsser whit^-notieii giic&on^_^.__*^ 

CetoipithicuM sp^ __ _ Weflt Africa^ gucnpn . 

Gtrmiidpi^QU maurya ... Moor monkey — - 

Affljfaca/uicata.^..- ____ Japanese monkey...^ -- - 

Afo«X3U iTt£i »ierdux^_..- .. Ja van macaque----— -- 

Afa<U(^ niylaRa_ __ Ebeuua monkey,.,- 

Afdcacd ii£fTft«;i£riiui.-^----_ _ Pig-taileiJ montey,- 

Afaca^n __ Philippine iiMieaq;Uo-- 

Aface^ _Toque or bonnet monkey--,--- --- 

Afacora tpfci'oea._ - Red-faefi^d maeaque- 

A/ond!nY!uf Mphinx _ _ Mandrill... ... —- 

Pflpto comolua.... ... Chacma— -- 

Hylobatidae: 

Hylobaia egi7»-. .. Sumatran pbbou . . 

/ify^ebodej affUU X Hyhhat^ lar 

___Hybrid gibbon... .. 

Hylifbaia AoefpcJt.,__—-- Hooloek gibbon... -- - 

Hylobiita litr Black-capped gibbon.. -- 

fyniiaclyluJ,- _ _ , , , SLamang gibbon .. — -—- 

PongicUe: 

Pan iragi^yfcM __ CbimpanEce- 

Pan irogS^yia vtruM ... West African clilmpaniee.,,...... 

pQTi^c pyypnflctrj....^..^......... Bomeaii omnguUn.^^ _ _ 

Ponyo pyyFnomj o^tC-..^.....^.. Sumatran orangutan _ __ __ 

fiOaElSTIA 

Soluridac: 

Ca/lecnurtM jSflJayMfii...-^....... lesser wbite aqulrreL^- -- 

Ciibl/uj 13-Utied ground equfrrel,,,------- 

CVnnnk* Indovicianm^^^^^ -- Plains prairie dog.... 

0faucopnyt Hlaat. .... nying aqulrrel... -- —- 

Marmota monor..... .. Woedebugk or ground hog.„«,.-, 

^eiurui ahtfii.^ __ _....... Abcrt'fi aquirrel-,-^- --- 

Tomxuj: afn(dt£a,.,, _ __- Eastern chipniuak. -- 

Heteromyidae^ 

DipodamyM ordii„^^ _ _ Ord kangaroo rat.. -- - - 

Ciieetidae: 

Afciaerieetiu aura^ui _ __ Golden hamster.,, 

Aficrott£« peniMylwm'ni*™... _ _ _ Meadow mouae.- -- - 

A^^ofoma ^erideno oWiroferi ,,,..... Round-tailed wood rat. ,, — ^,--- 

Orytpfny* po/uj^rM..,,,^__ _ Rieerat..,-...-*. --- 

PerarnyMOi* mni^ui auHpMtni _ .. Golden-brcaated iiioU5«...-- 

Perowiytcue Z^tteepui.. White-footed or doer mouse.*.,,-- 

0iypTxedoA /iifpfdiij,,, _ _Cotton rat - - -- -—-- 
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« 
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3 

I 

2 

3 

1 

1 

2 

5 

9 

2 

I 

1 

I 

1 

] 

1 

1 

1 

1 

I 

2 

3 

2 

] 

2 

I 

7a 

14 

2 

2 

I 

3 

13 

I 

e 

2 

1 

i 
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Murld^ef 

Mva mufculuj _ _____ 

^ceU^uc fiaftH!^^£»£a._____ 

JlystriDidae; 

Acan^Aiofi IjracA^rKin 

jltA«rurt:« a/rlmnwi_ __ 

ffyatrisC QfdtGla ______ _ 

TJiKuna eratntpinu 
^fvoc«lMo^!dafl: 

Myocasior _, 

CurLiauUdAie: 

Oufuflilua jMiia _ _ __ 

DB«yprOctida£?: 

Datypr^a ___ 

ChiDchillidA^; 

ChinchiilQ ___ 

CKuldajat 

Cavia ___ _ 

DclUhoti* potoffona. . ^ ^ _ ___ 


White Mid other domestla 8 

^Tiite And pied colored ratfl->_ 1 

Mal&y porGupiDO-.^,-^ _ -_ S 

West ATHcmi bni^h-tailed poreru- 

ptno_ 2 

AJHcu porcupine-1 
Thlck-epited porcupine, _ _ I 

Coypu-. -- - 14 

CelltrAt Amencao paca^-- __ I 

Agouti _ __ 2 

Spechied agouli, , _ _ fi 

Chifldiillfl__,,,,_,. __ 6 

Quiuea piff, _ _ _ lO 

PatagoniAii eavj _ __ \ 


Leporidao; 

Orydoiii^ut runxce^/uff. 


UkOCUORTBA 

DoiueetJo mbtaits. 


15 


auttodacttla 


BovidDo: 


Ammoirag^t ferric,___ 

Atiwi depfCMiforttti,,, ,,, 
Anoa quadetAi^fttgutimi^^^ 

__ Aoudad - , _ _ _ 

___ Aiioa _ ___ 

^lountran ADoa--- _ _ _ . 

Sibta ganrut ^ _ 

_ _ _ Ganr ___ . _ __ 

l7d *Atk mliiMI 

jAiucrican bison,,___ ^ 

ui'KFFl Cnillrn _ — 

lAlblno bison,,__ 

Biof indxeut- 

__ _ Zebu ___ 

BbA iaarut^ ___ 

__ Teiiia lonfjhrirci Rtp-nr 

Bot faOrw. 


Saj femrtfr,,, 

- - British Park cattle __ 

Ca-nra tibiricil __ 

_, Ibex-.. 


C^p^alopAtii ___MfL^woU'e duiker _ __ 

CrpAoIopAv# nifffT^ -- Black duikar.-,__ 

CcpAqlepAiu niffn/r™ - Black-fronted duiker_ - 

/femiHropyj jemlBAicuj--,-_Tahr..____ 

Ortoiragiu Bouth African lcllpsprtnffer,_,,_ 

Oryx fvo/rti---—__Aiabian orys_____ 

Orgx Aeiia cnfiMf____Ibeftn tieiaa oryx_ 

(hit ariM.- ---- WtHsUfiaa or B^sdim iheep^^_ 

(hit Mouflon__ 

PorpAuirut yrtinm'eai*..__ V *k __*____ 

Putrdeu - Bhml or blua sheep, 

Synctrot cajfer,...African bufTalD..HI! 

Tavrotragttt _ _ _Eland,___ 


10 

1 
1 
A 

13 

1 

4 

1 

3 

4 
1 
1 
1 

2 
6 

1 

2 
2 
2 
3 
« 
2 
2 
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Cervidfle: 

Axil oxii^_ _ 

C$nui ain4Jefifti__ 
Orrut 

Ddma damd_ __ 

ilfiinfiofu# rewat _ 

Odlocffi?^ friVj^tnianu^. 
■Siifca man^AtxrtctJiii- .^. 

^iJba __ — 

GiraBidae; 

Giraffa cUmetoyardahM. 
Oiraffa 
CuDeildu! 

CaiR#/uj 

Cani«£ui dromed<iriu*^ 
L&nuX 

Lome __ 

VlfciIflM picuprul,_^ _ _ 

Ta^bfifluidae: 

Picari 


_ Alia -—■■ —---« 

Americaji 

_ Red deer --- 

{ Fallow deer __— - 

’WTilte fallow deer--. 

__ mb-faecd or barking deer,- - - 

Virginia daer__^_--- - 

, _ ^_ Dybowskj deer. -- --—-- --- 

Japanese deef-w,,, ---- 

__ Nubian girafTe ^ 

_ Reticulated girtJTo-, -— 

Baetrian cameL—_ _ - 

Bingle-bmaped camel .. 

_Llama _ _ —--—- 

__ Gubobcu _ _ —---—— 

_ Alpaca-^^. ___ — 

-_-- Vienna-^--- ___ 

_ _ Collared pecefiTy-- -- 


Suidae: 

Ba^iruiJO &a& 2 /mHa ____ Babiruasa--— -- - - 

F^dCOfA«n« aft^iopinu orrioni,,. East African wart bog,- 


Hlppopolam idae: 

CibcropiM ftbancmii-- __ — Pigmy hippopotamua. 

Hippopctumxti VI -____ - . HlppapetaiDUS^ —^ , 


B 

5 

11 

U 

1 

4 

3 

5 
1 

3 

] 

2 
2 
2 

1 

2 

3 

B 

2 


FESlBSDDACTTl^a 


EquJdae: 

B^vt btircAfUn onli^uorum. ,,,,-- 

B^iU ___ 

ffTtvyi X atinuf__ _-_ 

£^uu« p'evtfi X cofcollvt-- —- 

Bfuui _ -- 

£i^us _ _ __ 

Bfuua pfx^tMUkit . ..— 


Bguua rrhnrt----,,- 

Tapiridaet 

A-cncodia indica ---,,,, 


Thpinu rsiTftilrif^ ___ 

Khitiocerotidae: 

Rkinowds vnicomu ^. 



Chapman's Eebra, —-- 2 

Grevy'a jEcbra-*^ __ — -- 1 

^bra^&ae hybrid _ 1 

Zebra-bone hybrid^------,,- ,- I 

Asiatio w^Sld a^sa or kiang -- 1 

Onager_ __ — -----_ 1 

Mongolian wild horse. , . —3 
Mountain itcbra__. --- I 

Ajdatic tapir----.—3 
South Aicericaii tapir - I 


Great Indian one-hamed rhino- 

«foe.,^------ -- - 


PaOBOSClOAB 

Elephantldae: 

Eltpha* mct^mum ivfRa^ronur.—.. Sumatnin dephaDt. - ——----- 

L<3xodDfila o/rirano oxyoTt*^^ _—-.-- African elephant--,, --— 
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AlfXCAti REPORT SMimSOBTlAX IN&TlTimOX, 194$ 


edevtata 

CboloepodidAg^ 

ChoJoirpv^ - - - Two-towi 

l>uypodidAe^ 

CToirfojjAraffuA Hairy armadillo,. _ 

^>jAr(wiaf Jfirciftdia__ _ Sii-baaded 

BIEDS 

CAAUABJirOBHBS 

ChsLiariidae: 

Ca*uarii£$ bcnn^ti papumvM^ > ^ ^ Papuao caai^wary_ 

GflJUflnW Kiiwariuf Am caasowaiy^^^,^ _ 

£3eirudn'ut viitaj»j>«Adrciilafu 4 

P^UUi9 -- - - —IbIaucI CLftssowaiy_ _ 

Ca*imriv9 Mniappmdiculattit vm- 

appdj*dtcu£ciJai___^^^^.,-- Oae-iratded w»owaiy,. 

Rbddaas 

Bh^Q ommeam .. . Cckmmoo rbea _ _ 

DnM3ilc«iidafl: 

/JroJBtMiatf luMr^Uandsa^.. > ^ ^^ _ Common emij ___ 


SFHEiflECErDBJrELS 

Bpheniaoirlae: 

Apicnodyiti /OJ'Hm.Emperorpcnjfulll.. 

SpAcnitftrj -- iackaea pKigah]___ 

Sphtnitcut Huinboldt penguin 


Tinamidan: 

E^droDiiA tU^nM 


TEHAWirOOHEa 

---.^ — Cmted tinamou ormaitlneta- 


vELECANtyoauEe 

PelMftnld&e: 

Ptlmnu9 _ Austmilfm pelican, 

Peiecmut crytArprAyncAui__ White pelican,.,,.. 

PeUcanuM <wiVie7aoftj_„„„__ Brown pelican. 

fVfdco'Fiaj imocr^j^afur___ European pelican.^. 

PlialaorocDiacidafi 3 

Ph^ocrxaraxauniutalh&ci'iiai^tv _FaraUon eormorant. 

Fregatidan: 

Frtg^a and^ .... Lcflaer frigate bird-. 


ClCONIirOBMEs 


Ardeidae: 

Ardea Aerediof^* -- - Oreit blue heron**^ _ _ 

.. Great wMte bmron JiVS.ll] 

Effrtua lAvia. — - - - Bnawy egrat^^^.,,,. _ _ 

Florida «wnd«_.._ ... . Utila blue heron,.. 

//^drimwo Iric^ n^icv^u _ Louisiana heron.._.”I” ^ 

MrfepAoi^rn«weAflWandine....*_,_ Whlte^aced horon,!""^ 
l^pdiwfa nvcticorta ancpjur^,,,. Blackswned nlg'hV^mnf 
C'Oohlearlidao: 

CoMtanut coMteriut - - --- BoftthiU heron,.. 
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ClcoiiildAfl: 

Duiaura 

ihit aiuTfUj__— — - 

Ltpi&piilv^ CTUTTitniferut- — — 

di^v* .. . 

jspanicuf__ — 

flnwHama _ _ —---- 

Th rwkiamjthidAfl: 

Ajaia ajaja^- ^ - - 

- — -_>_ 

<?uani a^^« X O. rubra __ 

^rtiarci rtifcra,,— —-- — ^—-- 

EM^Aiapico -- -- 

Thr€9kwmiA 

7^r»bf(n7ii4 tpinicodii - - 

Pho«nicdpleridA«; 

PAMTiicffp^fru* tAiVmrit^ .— — 
PA«nifopf«rteJ - - 


Woolly-ntoked slcrk^.--.-^ - - 

Malay stork- - - — - - 

Marabou.-- _ _ — -- 

IjidiaQ adjutant_ __ 

LcMT adlutant--- 

Wood __ —---- 

SpoonbiLi^- . .. 

mite - - - - 

Hybrid urMte Aud Bcmlct 

^orlet ibis- -- -- - 

S&ored ibis _ - - --, - 

Bkck-hEaded Jb(a___--- - - 

&traw-UKked - - 

Chilean flainingo-.^----- . . 

Cubmii - -— 


1 

2 

] 

1 

a 

1 

5 

s 

i 

1 

1 

4 

2 

2 

3 


AK^FaiFOBUEB 


Aabiiuidse: 

CAdvno crUiaia^^ — --- -*— - —^ - 
Auatidaei 

Aix ipfiiiM.,-- - 

Ati^ hfratUimtU __ — 

Anat dam^lica..--^ -- 

Afuii p^^l^AyTKAlw-— . — ^-_--_-- 

Ana» rtiiWp^a. _ _ _—-- 

Armr --- 

Arv^rr ciacr<nd damufica- --.*-.--- 

Amffr^nv* . 

Praata conodn^La-- _-- ^- 

Braala canadtmis huU)tinsn ^^— -- 
PranTa eanodmtii' 

Branta eanodent^ accidenJalit-,-,- 
Brania mnad^ntU X Chm cderu^ 

tescfna _ ___ 

OstrtM - - 

Catarea varit^Ui-- _ _—, 

CrrtaptiM nanukoUondw_ _ — 

CArti iiiJ!anJsM___^-*- __ 

C^en cderu/^afifrw_-^_--^- -- 

ChmopiJ — ^--- -— 

ChlfKpha^ iffucopUra - - 

CVffnopvu _ 

CinPiua coluTo^uinui-- _— 

meiancoripAuf-. _ 

CV^ntu _ 

Dttfiia __ __ 

Dnfiia iptnicotida-^..__ 

Pcndroi^ffna drliori^a_ __ 

i>fndrocvj^ dulumanlii_ _ 

/>cadrocv07io nduoto_ _ _— 


CT^t«d aereacoer.^- -— 7 

Wood duck..-- --- ^ 

Brazilian teaJ,,„__-_-. . 2 

Pekin dtick - - - - 20 

MAllArd duck.,- -- fid 

Black duck __ 7 

Ammcau wbito-Iiontod goosa- S 

Tctulovs^ gjoose^ __ _ 3 

AuisttAliaii piiKl gooea- __ _ — 2 

Canada gO960 . 35 

Hutehin'A gooftO---^*---- . ^ 

Cackling goose. -- S 

Whitfs-cheekod ffiOoM-—- - 27 

Hybrid Canada goose K blue goose. 2 
Muaodvy duck-. _ 13 

Paradise duok_,_-_-----------.-^ 1 

Capo Barrtn gofiM,—— - 1 

Snow goose. _ 2 

Blue goosa.^-.----,----- 2 

Black awan^- __ _ —— 4 

Magellan gi>oflo* - -— - 2 

Dotneatie gOMc- - - -- ^ 

Whifitling ewan__—- — 3 

Btack-ueckod awaa^*-. -- I 

Mute swan_ _ —S 

Ptntatl—.— . . S 

Chilean pintail- -- 1 

Dlockd^iiled tree dnck---^--^ - 3 

Btack-bcdiBd tree duck-.-- - - 2 

Whlte-fftCfid tree duck-...-- - 4 




















































































gg ANNtTAL REPORT SMITHSONIAN INSTITDTfON, 1045 


Anfttid&a—CoatLauctL 

Dfndroiutia ___ Mandirm duck^__,^_^ 

Mancn awMn'cnmi ... Baldpate^ ---- 

MoWld _ _ L^ 0 r scaup- . ----- 

Mania faUart>___^_- Hin^-aecked duok- _ 

NtUim mrdinpfw _ __Greea-wingBd teal^_ _ _ 

jVWiifl*!/armc^ni^ ___ Baikal teai—_ _—_ 

^yreca ep. _ _ ___ HybHd dw&k __-__ 

NyroGa valimnBfia __ CanTosback ducfc-«--------^__ ___ 

Ph-ilt^Gie Gana^iea ___Emperor R&[ieo_^^_-^__ 

^tiFr^^i4a _ _ Blue-vioged teaJ-__ 


4 
1 

[ 

1 

I 

5 
1 
1 
a 

S 


rAi^?fT?onuEa 

Catkartldae: 

Ca.fkcrte« atira ..... Turkey viilturB ..... I 

_ Black vtilture- ___ 1 


G|/ntfiop^« ca£(/erfitanu4_ 

VnUur ^^pkuA„^ ___ 

AcelpitrLcbi^: 

Buito ___ 

iinfaiut — 

Bvleo nirfanelructu-_ _ ------- 

Bvica 

Butcd poreilaeArfitfj^_ 

Gj^pohierox an^fcaait .. 

Gypt mepp^Ri ___ 

NalwfiuJ l€VGOG€phaiiiM^ - * - -_- 

/falioafiir _ 

fjgrpxa A,orpi^ .... 

HypomorphTiv^ __ 

Milmgo fAiBFwJriflfl- _ _ __ 

Mi7i>%ci iBiffTom par&riftH-^^ ___ 

Pundion haliadvi carf^finenati-.--- 

ufiicinrlii^_ _ 

Tgt^ __ _ _ 

Fatcomdae: 

Ctrchnei* tpanmut^^ __ 

Z>apHitf amertranu#-_ __ 

Faleo pefeffn'atfj 

pfanciit^_«._ 


Colifornia condor-— _- _ _._ 1 

AndcidD oondor.-i^^ __ 1 

Red-tftUed hawk,„,,^^^ _ 6 

South efn rcd-phouldored hawk - - - - I 

Red^houMcrcd hawk*- .. - - 4 

South Atnerican buzzard eagle*- __ 2 

Brood-winged hawk^^ __ _ 1 

Red-backed buzwd ___ \ 

Fhsh^ting vulture- .*__ - I 

RtippelFi TUlttire _ _ I 

Bald eo^e----^------^---_ fi 

Brabminy kite. 

Harpy eagle--^. 

Brazilian eagle---- __ I 

ChinmpgQi .. . -_ a 

African yellow-billed kite, _ „ __ 2 

Oaprej or fish hawk ___ l 

Orte-bfiDded hawk _-_-_----- 1 

African eared vulture------^----- 1 

SpAiTow hawk__^ _ 5 

Red-throatc!d caiacJ^-----^--—- 3 

Duck bawk----„-,_,,_ 1 

South American comcan, __ I 


GWPPOSMaS 

Cratidao: 

Cro*/OffooTofa ___ _Crated cumraow _ 

Om ru&TO--*-*- ___ __ Fanoma curnsaow _ ^ 

CVm icfffilrri— __ - _ _ Sdater'a curaaeow— 

Miltf -- — _ Razar-brlled curassow 


1 

I 

1 

1 


lo 
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PluuiiAnldftc: 

^r^tr'anui ^- Argua . .^____ 

iguqwiflfa,- -- — Scaled quaQ.-.-— - — 

Cair€U9 waiUMi .. — Ch«r pbeaeAnt-- -- 

Chrysofophiii amfcfrf<ia4!_.->. . Lwiy Ainberet's - 

C/b-ifiofojjAui __ —- — Golden pbcassnt - - 

Coiinut --- Crested quaEl__ -- -- — 

Colmi^ rtdffwcyt_ — — - Masked qiiaTl .. 

Cofi ni{S nrpiTitafiiia - Bob white. * . --- - - -—. - 

CrMMDyiihA . Blue-eared pheariaiit.. 

GolluM -__ fowl, --. .. 

_ __ _Hybrid red iungle fowl X baatam 

fowi^^,,_—---- 

Oallv* lajayati .. Ceylonese jungifi fowl- 

GaUutsp., . .—— Bmileia chJcbefl- - - 

CdfMSp ..— Fighting fowl.. . . . 

CdftMsp . — .. Long-UWed fowL -- 

Gtntuuui taboeritiohu .- VSTiite-cresled baleego -... 

Cemurrue nsrelAemCTue . Silver pheasant. .. 

ffiVffopW* aerfnAon- - - Bwinhoo’s pheasant... . . 

Uphophorui imptyortut .. Himalayan impeyaa pheasant- 

Lepftoffjjtr eali/ai^ico oa/itoda - Valley tfuail. -...- - 

Lt^hoTtyjfOdTnbeUi . - . Oambel’s quail . . .. 

Pa¥o eriifelua. . — ..... Peafowl. 

fRing-neekcd pheasant,......—... 

PAedanua lorgueiuj. .] While rlng.neclted pheasant.._ 

Phtm^Mu wrsiwfor_ _ Green Japanese pheasant- 

PotypttdTon napottoni* - -- Pdawao peacock pheasant- 

S|^«na(tcu< resMM.—... Eaovc'a pheasant- --- 

Kumldidae; 

vlcmlfium ewfiunnaai . Vulturino guifiea fowl - 

ATumidasp_ _ _ _ Guinea fowl. .. . 

aSUtVORUES 

Eblnochetidfte! 

WtifUKhiiMjubclv*^ -- - Kagu ---- --- 

GruSdipe: 

ArUhrvpoidit paradiM^^ _ . Stanley or parediM erano- 

Anlhropmdci ptrflO— -- DwnoSflelle crafle-. .. 

jwwiiiTifl.West AJricanctownedcrsJier-n.--- 
Bkifefljncfl wforwpi ^iitricepi ___w East Afnoan cruwnod erftne 

GruM .... Whito-oftped crane, --— — 

Grua leucog^^ratiuB _ ,. - Siborinn craiie,*,.,*- 

Rallidae: 

idmauromii p^emicuriii ^ ^ ^ - Wbitfr-breaated tail .. 

Suites __ Aiaeri^ao coot,,^,,^- 

Gaf!mu/a cAiori:i|>ut -Flotid* galUQiile - - - 

GoUinula chl^^put ontnfofit, , . ,, , Sttmatran galUnuJe -- - 

lAmnoc^rojc Africiii bla^k mil--------------'- 

Parphvriv poliocephaim -- Gray-beaded porphyrio-,,^------- 


2 

7 

2 

1 

5 

2 

2 

2 

1 

2 

4 

1 

1 

1 

2 

2 

5 

2 

1 

2 

2 

5 

0 

1 

I 

1 

1 

I 

2 

I 

r 

2 

2 
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I 

2 

2 

6 

S 

I 

^4 
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ANNUAL BEPOKT SMITHSONIAN INSTITDTION, 1D1« 


C4riaiiudae: 

__C*r iAnm af *^ ^T rlft__ 2 

CJI A}lA.t>nil r DBME A 

H AfniatopodidAe; 


HfumatopuM __ _ 

ChaFAdriidae: 

Belanoplerut __ _ 

I^idae; 

Laruf ar^iniaiut __ ____ 

LaruM ddawarentiM^^^^ ,^ ___ 

Larua dtajAini^siittitt,., __ __ 

Ijaru$ _ _ 

i/grufl _ _ _ 

GlAfiolJd&&! 

Ghrtota pr^Uincoia _ _ _ 


Eufopfeflu oyrter 1 

ChQct&ii 1 

Herriiig gull___ i 

Ring^blUed guU_.__ l 

K^tlp 2 

GiAueauH'Wingcd gull___ l 

Silver gull_,,___ S 

ColLSkred pratiDcole___, _ 1 


CQLUUPirORlIEA 


CDtutnbidaD^ 

Cnfffum&fl ^uirtca^^. ___ _ 

Coftjmfra liWd^^ _ _ __ _ _ 

Colvmha __ 

Z>unf^ __ ___ _ 

Gidltc&lumba lui^im __ _ 

^titira __ 

ijtfwro wc#ma. . . 

L€piiflili$ ctwn’aL ___ _ _ _ 

ru/ojil/a_ _ — 

Muffmfiwrfj pau^ina,,.^__ 

Sireptopdia MneruU ___ 

^^rfp^opdta chintfuU ^a^ftnunrit_ 

Sireplcprlia tran^u^^on^- 

Treron . . 

TWitfr nionut _ _ __ 

Zinaida _ _ 

^^tiOidum pnacrouTti. 


Tnangulor spotted pigeon, __ % 

Donii^tic pigeOB-^^^ _ 7 

&pot-wlnged pigeon,,,,^ __ 1 

Oreeft imperial plgeon^^_ __ 1 

BlpedJng-heart 4 ave-_^^*^,„ _ 2 

Selater'a erewued pigeon, __ ^ ^ _ 1 

Victoria crowned pigeon._ _ 1 

Cwiti'edove__ 1 

Scaled pigeoxi___ 1 

Celcbion imperfol pigeon^ ^_ 1 

AtiAUo coHorfHl do_, __ 2 

Lace-netked or oab g 

Bltie-headcd ring dove.,,_ 2 

Weflt African fruit pigeon___ 2 

Kmg-ncdced dova___ ip 

Soufcb Atuerlcu mourning dovo-^, ^ 
Mourning dove_12 


PfilTTACIFOnilEa 


Ffllttacfdae: 

i4^pomit ptiJ^Eura^,-, ___ 

Aniofmtd aejiiw*-,,, ^ 

A maxond aibijnmt __ 

AmdXond duropo/fiofa _ 

Amumna odirac^htda _ 

Arniiiofm craitix _ _ _ 

ATK^dorAyTuAm Ainvj. . 

Aro ororaunii _ _ __ _ 

Aro _ 

Aro fn^ilanu. _ __ ^ 

ArofinjTa rttopi^,___ 

CoJifpforAyiicAui wiOflTuTfcui,,, 
Cofo^opn'i fi^d___ 


Ked-faeed love bird,_ 4 

Bluc-frmited parrot,,,__ 1 

White-fronted parrots,.I 

Yellow-oaped parrot_3 

YeUow-beftdcd parrot,. ^_ g 

Hooble yelloir-beaded parrot_2 

Hyacinthbe macaw,__ 1 

Yellow and blue macaw. _ 2 

Red, blue, and yellow macaw,_ 2 

Mexican green macaw^^__ 1 

Cuban ooflUce,__ 1 

Bankai&fl cockatoo.,,__ | 

Leffier vaaa parrot__ I 
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PBittACldoe — Coatinuftd. 

- - 

Dw^frptU - - - 

Ec^edut ped<3™fii._ - - —- 

KoJt^iH — - --— 

KaJuUot tfiMTOpi- -— 

ICdta£oe ^cn'ia.... -- 

ICdbotM - 

Kdibofotf — -— 

Kak^ii6e ^— 

Lcni'tii dflnticfifa _-_ _— ^ 

Lorftii ^rruluf__ __ _ 

Lffrtm waiii* __—- 

M«JDpnllani« -- 

M^pn^ta ffttH^ac^itiJ--^-.^ — — 

ATonefaj/Kfl naniiiiE)/ _ _— 

nofa^fti_ _ _ 

Pitmif e# zan^AoHifFa ___ _ _ 

Ffil^ocu^a £ujN]/rui...- __ _ 

Ffii^acuf? -— 

Ffittacu/a iofiunmuda-^.- 
Tany^THmAut inuf/j#n' --— 


SpLx's mAC&w,, _ _— ^ I 

B&re-eyed cCkCkAtoo--. _ _ 1 

Ecl^tufi parrot_ _ i 

llOBCtAtft Gookatoo..- _ 3 

WIlitA coGkatoQ-^-^^^. _ 2 

SoliOliiE^u LalandA Dockmloo. _ 2 

Large Balpbur-^reated ccckatoo _ 2 

Leodbealer'B cdclcitoo,—- - 3 

Grv&t red-CTtatad cockatoo. I 

Lcsaor sulphur-erested cockatoo^2 

Rajak 2 

Red lory__ _ 1 

Bed^dcd 1 

GraBBparaqoet,.- ■& 

Quaker paroquet _ _ — I 

Nanday paroquet_ _ _ I 

Kea . . . 1 

Amazonian caiquo__^__^^^-^ . 2 

Red'^houidcred paroque t^. _ 3 

Kraznei^a paroquet. - - 2 

Long-tolled paroquflt__._.*_^- 2 

MucUer'j parrot,., _ _ 1 


cucPLirosiiiEa 

Cuaulldae; 

Rudgrrumt aeehIo|w«ii#- - ^ Kdel-w,_w-,- ^ - 

Musophagldac: 

TVnscut finn^ifoni- __ _ _ livingrtoii'a turacou. 


Tytonldae: 

Tyto alba pratincQla^, 

Strigidie: 

RuAo nrptaianul--w-. 
/fe^pa Actupv.^_ 

CWm# a*w __ 

^irix varta wia^ _ 


BTBJaiToauEa 

Bam owl -- 

._^.-. Great homed owl 
Malay fiab owL^. 

Snowy owL^^ _ 

-. Screed owl.._>.. 

Barred ewl.,.__. 


coLTEFoaaiEa 

Colildae: 

Coliut afnotirf...... ___ Streaked inouae bird or ooly - 

coftACiiroBAnia 

Aloedinidae: 

Dacelo __ _ __- Kookaburra-, --- 

Halqfon aanAfot, __ __ _Sacred kingfljdieT - - - 

Momotidae: 

ilfcaiotai __ Motmot-^-.—— - 


1 

1 


7 

10 

1 

1 

2 

6 


2 

1 

1 
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ANNUAL REPORT SMITHSONUN INSTITUTION, 1945 


rietFoauza 

Hoinphjistidae; 


j^uZaeof A|wAti« ttifcetm niZca/uj,. . 

Groovie-bnied toucanet.^_ 

Pier^iiUt^t awcon'- ^ 

Blaclc-necked aracari . 

ioT^aluM ___ 

Ameari toucan^.._ ^ 

connntiis.____ 

Sidphur^brot^ted toucan,._ 

i^ampAoifot prsetWres___ 

Togo toucan__ 

Capitonidae: 


Sm7u>miM rhamphuMlinuf _ 

Toll can^biMed barbet_ 

Masi:]uronicBa 

CoOuLgidae: 


/ivpicafa pfrutnonn sanguiWcn^a.- 

Scarlet cmIe of the rock.__ 

Corvidae: 


CaUodtia fortn^a^ __ ^ , 

Mexican jay ^ ^ ^ 

Ctun _ ___ 

CMnese eissa _ _ _ 

CiifiliiphA ifncoUxnica __ _ 

Yucatan bluajav__ 

Corvlxt tilbvj __ ___ 

White-brcsled ctow__.__,___ 

CcHTW fcrffcA^A^fflrAuj_ _ ^ 

Amerlcari crow_ 

CtHTwi eorax pfininpsltm 

No'iiiliorDi raven.-._+._^.,...,._^__^, 

Comu eomii-, _______, 

Hewied cruw_^_ ._ 

Corru# crs^pto/eTicwi.^..-.-^_ 

Whit^necked ravon. 

Canma imn!^_ ^ 

Indian crow 

(^anociCto truiaia ___ 

Blueiav__ ^ 


CV^nocDTox rhr^iifpt _ _ __ IJrfac* ___ 

CyflTWffflrai: Mmifitached iay ..—;; 

Cj/anopica - - - Axure-wiDe)od pie__ _ _ 

^l/niTUH-Ariui -- — WhSte-bftoked pipin|; crow _ 

pica A^tcdjfMiia;!^ _ American tiiagp^ _ _ _ 

Urwriw eacrtdea^ __ Formofi&ii Fcd-billiMl pie _ _ 

(/recwK sccipi^ii..___ Ked-blUef;! blue maepl#.. . 

Paradideicbe: 

A ^'urotdui crosMito>ttri$ _ _ > ^ ^ Austn]^ catbird _ 

Epimach^t fattiMut ___ _ Sickle-bUled bird of paradise- , _ _, 

Ptit&Tuyrhyttdtiii fr/cfoccxu... * fiatin boweibird_ _ 

FycnonottdAC^ 

PVcnatiofu# Yellow-vented bulbul.^_ _ 

TimalUdaes 

LetiAhrir iuUu§^^ _ __Pekin _ 

MimidAe: 

MtlamAu eacPTjfeKen*^>^_^_^,,,,_ Blue catbird-^___ _ 

Mimuf liucQpttrut .. Afcilcon rnr^ff H n^frd ___ 

TiXKiftoma Brown __ 

Turdldoc: 

C?firriif«-pce/oroJti Chinese oonered laughing thnish. 

/fplocicAfa ___ Wood thmAh___ _ __ 

^ft^ula migraimuM ___ Eastern robin.. 

Turdut gTGui—^ . . .. Bonaparie's thnisb. 

Tvrduw ntjEwnJn#- Argeatine n>bio_ 

BtumJdoe: 

CWolopAofB . . Wattled storlbig-,. 

GaLMp«riaJpddartV_- -- Crested starling,."”'"!”™” 

{?racuiipiAt nvIenepicTa__ ’WTiite starling_ _ _ 

5^ttmui tidfforot......_ Storlftig^ ____ 
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Plotseidft^: 

Oia/ro;>ura protnfl--_ _ __ — 

LantkuTa huco^^awtroidti — _ — ^ — 

Mmia —-- - 

3/ifnta maliaeM- - -- 

3f unaa or^Fi'jTara^ — -— 

^funia — - - 

PltiC^v - -- 

Pl^Ktut intermcdiTi* - - -- 

Hocmt _- — 

PfjepAila ocu^ica ucfo _ _ _ 

Ou^fd aanffiJuVfti^n* tn(mnerf*a,— 
Sic^itttuTQ parntfiuci- >-,1. 

7\iwmopif(fttt <Mifan45Ji«— - - 

Coorebidao: 

___ 

Icteridftfl: 

A^elai^i atsimilh^ *- - - -- 

__ 

Cryinn{7Tn|/Afaj incxi'cfm vt- __ _ 

/c^enifl - - - -- - 

/c^erv^ - - - 

yfolothrv* h<ffuiHtnsit^^ - .. 

N^oti^pwr ^ 

TVu^idfra fitfilippi _ _ 

Tbmu[>ldaaT 

C^idrcKp^miia occipiioliM ailkfp^Ar^j._ 

Piranha bidcntofa - - 

Ramphotxlu* dimidiaiut^^ - -- 

/tdinpbacWiif jtarnmtcrfi'ru# . . .. 

Tanaffra mti»im 

Tlimu^ cdfia.. .. — 

Fri£k|iilidao; 

^4tndnddi?a a moTMia™_ „ ^ _ __ _ 

Carpod^dvd tn«^raniJ 

CorjfpftMpinjur - 

C^MoeoFnpnt - 

Diuca diuAi__ ____ __ 

^p^/tAruna psiiiacta _ 

LdpA^pt'ti puiiUtia _ 

Mchpprrha yiiffra,. - -- 

P«r«in« rupuilafa-. __—, — 

Pifroaria gularU mjfff-(renid _ _ 

Pai(fi-i>ui dHiMmi___,_ _ __ 

/^«nmi ^ama __ _ 

Pdf^mno te^JldisftAeni _ _ 

PflwertFWi tmrticotoT^ ____ 

PAr^^ut fruticeii - __^ __ _ __ _ 

PAryj^iftfcf ___ _ 

Scn'ntw cmariuM^--^ ____ _ 

jlfiKwCo--.^_ _ _^ 

SiAifru ft^olo _ _ _ _ _ 


GUmt wbg ^lfth -- - — 

Bengfllefl^-, -- - - 

Wbite-beftdftd iuiima__^^ -- 

BlackHbrdatcd aiiiiiU.^-^-.^- . 

Java sparrow*--.-- --— 

nice bind or nutmeg finch —— 

Baya wcaver^^^ __— ^--- 

Blaok^heckcd Tv-eaver---*-------- 

Ch^i^tput-breiaated weaver- _- — 

Long-tailed finch- --- 

Southern cmakod weaver finch- - -* 

Paradise wbydah-,- -—«- 

Zebm fineh^ _ ——^- 

Bltic hopcy creeper -- - 

Cuban red-winged biackblrd- 

Mexican cachinc- — — —- - 

Giant oriole -- -- -- 

Bkillock's troupiaJ---- --- 

TronpiaL __ _ —— 

Shiny eowbird ___- _ _ — 

Chilean blflckbird _- ^ ^ 

Military starLing-^^ -- - 

Central AmerEcan cUlorophonia. — 
Orange tanagicT— — 

Crimson tanager--. __ _ _ 

Yellow tanoger.-**-^ ___ 

VeJlow-rmnpBd tanager -- 

Blue-hoodad oiiplionia--—^- 

Blue tanager™ - -- 

Strawberry finch--^ _ _ _ --- 

^feJclcan house finch* _-— - 

Red-cmted fincb_.*-_.- - - 

Argentine blue groabcak*.--*--*-- 

Diuoa finch. . . .. 

Now Caledonian parrot fineh___-- 

Black-orcsted finch_ _ 

Cuban bullfinch-- - - 

Bmzifian eardInaL 

Black-eared cardinal-^-. - - 

LaiulJ bunting. _ _ _—- 

Indigo bunting..---— - 

Leclancher^B bunting..- -^*---- 

Blue bunting - - - --' - 

Mourning finch.* - - - — 

Gay^a gray-headed finch*---*---*- 

Caimry^.** -- - - 

Mjato finch-*. . . . 

Saffron findL.*.- - - 


4 
2 
2 
I 
6 

1 

3 

5 
1 
1 

2 

4 

e 

1 

2 

1 

1 

2 

I 

1 

2 

4 

2 

1 
1 
4 

2 
2 
2 

11 

4 

2 

2 

1 

1 

3 

1 

O 

m 

3 

4 

2 
2 

6 
2 
2 
4 
1 
2 


e7$£l2—4$-7 
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CoDtiauc^. 


^lolumtiM.-..Lesser yellow finch 

fip^nwniropj^^oTii,,....Chflenn elsIdD__ 

Sporvphii& ounYo.Hkk’a e«d-eatef 

^peroMito ipaturali* - Yellow-bill«l swd-ester" 

Ttarrt ^ivacea - --- Mosican gnusquli. 

Vabttnta jdCdnVii.- . . . Bliie-blMk grKgquitI”” 

ZenorrtcA/a eopentii --- ChiQgDlo......_ 


HEPTlLES 

UiKlCATA 

Crocodylidae! 

Afligaior _ Al!igat43r-.^_ 

_ Ovintw iligalor". ' 

Caiauin (oiirattru -- -Brood-snou ted caimwi ” 

^infon --— Spccttelcd caimnn _ 

OriWplui acTiivt .. . - -- American ewcodile 

^ccodytuM eaiapkrodu, . . Nftrrow-noted ctwodiir 

CrmduiuM . . African crocodile-.. 

Okw/i/^u* pnfii^frw -- "Toad” crocodile 

Croc^^fUiA ---- Balt^water crocodile 

Cretodyfiij rhomhiftr^ - Cuban crocodOe 

O3f€ofacmtia Bmad-nosed cro^i^k ' ' 


4 

3 

2 

2 

1 

1 

a 


14 

3 

1 

3 

4 
1 
2 
2 

1 
J 

2 


Gckkonidae: 

Gikko ptcko _ _ „ _ - ^ ^ 

Isuanldae: 

AnfAU caT<3ilintn9it^. _ _ 

BawilUatt 

Ipmna 

■Scrfoperiu 

Angnidae: 

OpAuatiriLi ecnJrafir,* _ 

t^romoriije (TcaofAinTArH*^-. 
Hclodermatidae: 

llrlvdfTina kcrriduin _ 

If^lodfrma iu^pccfiiiWw*--^. 
Tcddae: 

Cnseiu/^pAdrue KxlintQtu*^ 
TupinambC* ni^ropiipdaiui 
Scinctdae! 

J^ffrnia ru nfitn^Aa»7ii- - - ^ , 

J^ungcrci /oiciaiia __ 

rriiffua 

Varmuidae: 

Vdranuj _ _ 

Vamnia 

VfiTanm _ 

VaranidJ 


dauBiA 

Gecko___ 


Fali^ '^chamcltsoo''^ 

Banded basiUak,_ 

Cennmou ijuxiaDa^,.^ 

Homed lizard__ 

Knc or fence lizard. 


.__ GIms Hiake ot legl^jaa liiard..,, 
.__ North African spiny-tailed Urard 

.^- Meiiean beaded Ejsanl_ 

GUa monster-____ 

Sii-Utied raee runner.^^_ ___. 

-- Black tegy-^,_ 


-- Ctinnmgbam'a fiidiik__ 
-- Blue-tailed skinlt---,, 

. — Blue-tongued Uiard,^ _ 

Komodo drftg(m_,_^ 
Jndiau inouitor_--.__, 

Nile tnonltor^,.^ __ 

-- Sumatran monitor---^. 


2 

10 


5 

1 

2 

e 

5 

1 

1 

2 
2 

1 

2 

a 

4 


Ol a 





















































REPORT DP TH:£ SECBETABT 


95 


Boidoe: 

Q>Twfn'c<or aniftridor __ Boa caiiBtrtctor__,,_^— - 

C*Tw^^^c^^^^ _Contra! Americaii 

Hpicrata ~~ Paicbow boA. 

JSpicrat^s -^- —- Ssi*u3iantJi--— 

Epicrata tirifUu^ -----Baitlmi —*-- 

IV^’i jrtofjfru3_._.,^, - - Indian rock 

P^Aoa r«f^iui___ — Ball python---^ - 

Fifthati rHiculatuM-^ ___ _— Regal pythOd----- 

TV^pi'dopftta TEii^aniiriii__ Cubmi boa..-.- — 

Cblubridac: 

CotubtT CffFHtriciOT^--- 

Cb^u^er Jla firfl um, - - -- 

Cydagras gigoi^^. ____ 

DiadnpAu punfio^iu__ 

/IryindrcAnn caraii c«ij3fn__ 

gutUUa-^^^^ --— 

Elaphfi ohtoUtJi _ 

Elapht^ ^ad!riiti7i^dlld__-^.. 

Natrii piscn^,^^ — —- 

Nairix ^pUmtitaia --— — 

A’oirijp 0p,^--- 

NtMlriSr spr,,— 

wmalif____ 

PiiuQphiA aittnifer^ _ _ _ 

PiluapAii teUniftr ann€danM^ - 

Pi^uopAis mefaRolex(cu«-- 

PjyiM ___- 

SlOrma 

T%aiFTR^pAtt ordinoidtX- _^__ 

TAamnopAif - 

Elapldaa: 

fFuian^^eufa--.--- . . West African cobra- 

N^anaja _____ _ _ Indian cobra_,--^. — - - 

OaT/ifrrb>___ _ _Green tree saak^— -- 

Cmtalidae: 

AgktAtrodon mQkmn . . . Copperhead -- 

j4aibu!rodoR pitcimrus...___Water moccaflin-,,^^--^^ -- 

Croiatiu _ Teias diamond-bsjeked rattlosnaka. 

Crotoliu Aarridti* Aorrtdni__ Timber rattlesnake- _ _ _ _ 

D'oto?itf temTicu*....Sooth American rattkenake,,,^,-- 


_ Blank snake-- ---- 

_ Coachwhip_^_ - -- 

^ Cobra do Paraguay r-- —-— 

, RiDg-necked siiAbe-,.__ — -- 

, Indigo enakc-.^^ _ _ ___ _ 

, Corn aoako-^- _____ 

_ Pilot snakc-^-- --- 

- Yellow chicken snake .. 

^ Water Bnake-~--------^ -——- 

._ Qwecn Or moon snako_^^^- 

Water snake,- - — 

Indiaii water snake_ 

. Bmooth-aealed green tnakc--^^-,-^ 

- Weatcm buU fioakc --- 

_ San Blego gopher snake _ _ _ _ 

_ Bull anako _ __ - _ 

Rat Boako--^--^^^ _ _ 

- De Kay'ssnake.-,,,^,--^-__ 

.^ Western garter snake. - 

_ Garter snake _ _ _ __ 


2 

5 
<5 

1 
1 
ft 
1 
1 
1 

4 

2 
1 
I 

3 

6 

4 

4 
I 
3 

lb 

1 

30 

1 

1 

1 

1 

1 

5 
1ft 

1 

1 

1 

7 

2 
3 
I 
5 


’ra&TtrnmATJi 

Cbelyidaa: 

CAelodtno ___ Australian BOake-neckcd turt1e_^-^ 1 

PatrocAAni/i ifomta -__ _ ___ South Americanaide-neckod turtle- 3 

//jd™pt4 Bduth American snake-necked turtle 3 

//|/dromcdti#o (ccfiyrro-_ Snake-necked turUs_-__*.16 

Plat$myA plaiyctpimla^^,^ _ _ FUt-headcd turtle^-- I 

Platyatemidae; 

Plofv^tsmum msfoapAoZuei- . Large-beaded Chinese turtle^.---- 1 

Pelomcdtisidae: 

Pelemsdtiici Common African water tortoise-_« 2 

Podocnsaiii South American river tortolsa-- 1 
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Kiriooterald^e: 

JCjiMMfffnwfi Central Amencaa tortle-_--. 

Kifwalfmon rebrttiruwi,.^_ _ }klmk __ 

Chelydridiie; 

frr^eiTftTM.____ Snapping _ 

MacmJitlj/M Umminckii^ - - ^ ^ ^ ^ Alligatcr Bs&pping __ _ « ^ _ 

Tetftndinidae: 

_ _ _.__ Wflstom painted turUe^ __ 

Chryttmyt Famtcd turtle_ __ 

CVemmift - - - Spotted turtle _ 

Cl«niniy4 iuacidpfa _ _ Wood turtle _ _ __ 

Cydmy^ iEm5oi>iefi*i>__ Kura kur* boi tu rtle __ _ ___ __ 

Emy* btandiri^i^^^^ -- Blauding'e turttfl.,^^ __ _ 

Oeoclemyi #uiJnju(ra—_ _ Siamese field turU*___ __ 

OtMtityda frtanni^_ _ _ Costa Kican terrapiti_ _ 

Crup!on|/« Bnrbour^fi turtle^. - _ 

Mulad^rny* wairaid ---- ^ ^ _ Diamoncl-baek tiirtio_ _ 

Puvdifnyt MifdflfMj-__ _ _ _ _ Cootei----^^_ ___ _ 

Pfewderrij/i - - Cumberland toirapin^^ __ 

PKwUmyM orfiaia„_. .. Central American mter turtle^__^ 

Ptcudimj/9 m§6sa _ __ Cuban terrapSti_ __ 

Terrapmt Carolina^_ __ Box turtte--^*^^__ __ _ _ 

Tetrapefut maj^r ... .Florida bojr luit3e _ __ _ 

TWrop^Jw Mexican bor turtle___ _ 

7V«^udq dcaticuta'Ia,—_ , _ , _ South Amertran land tortoise__ 

Tetiudij degajit _ ___ Star tortoise-_ __ 

TVsfidb rpAippiVm .. Duncan Island tortoise___^_ _ 

Tr^uda A^odenfu.- -- Hood Island tortoise__ __ 

TMttido tamieTi_— -- Soflabelled land tortoiao. I”"^! 

TVatuda nrino -- —Albemarle Island tortoise^. __ 

Trionychidae; 

Amyda Soft'flbelled turtle- 

Amyda fjduTiffww-^^ - -West African aoft-shelled turtle, 

AUTinBlA 

CAWATA 

Salamandridae; 

TViliuruj pyTTAoi^ajtor_,__^_“lanuindar_,____^,_,__^^__^ 

TVittirBLv __ ___ _ Giant newt__ _ _ 

7Vi(xin» pu:^ri«- -- Common sa!Aiiiaiider_,____^ __I^^ 

Amphiumidae: 

AmpAiuffio fflcaaf_-______ BUnd eel or congo inaie.—__ 

Amb^ntomldoe: 

Arnhyttomu maeutatum, — __ Spottedealafnacder 

Amb^itomn li'eriauTn _ __ _ AidotL—_ _ ___ _ _ 

aAi,iRsrnA 

Dendrobstidae: 

D^fo5a/«t ouruiut-.-. . . Arrow-poiBDn frog_ _ 

Bufonldaet " " 

BU/o fl:awncoTiU 4 ^_^_ _ ^ Common toad 

Bu/oepnptmfi.-__„ - Sapo de eonebi'""^’” 

Buf&mArinut - - - Marine toad 

Ba/e peJt(i«pAaluj_____^ -- Cuban giant toad”"!^!””!" 

Ceratoplitydae: 

Ctraiaphryt omefa- _ 


Homed frog 
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HjHdftft: 

Acria - -- 

cruciftt-^ - - - 

Flpidae: 

Pipo - - , _ _ * - - - 

i?dna --— 

J^afKj - - - -- - 

Rana occipiiatia --— 

pijPTfftti- -- — -- 

- - - ~- 

XenopuA - - 


Cricket frog^- - --- 

Tree - 

SurmBHi toad - — 

BuUfrog--^-- - - - 

Ot«n ^rog^-- - - --- 

W»fc African buUrrtsff - 

Leopold frog.-™-. 

Wood - 

African clawed fnag--^ - 


FfgHES 


jwrfcfegrenatji. ---- 

Blue acara--.---.—..- 

1 

1 

Apftysem'uMi ajalniiia-- - - - -- 

.__ JL ■ j 

dloym barb-^--—- - - - 

8 



a 


__ 

2 

Portrxu ewntolmtina— 

Figbtliig fish------ 

19 


Goldfifili,^-- 

120 

Corydora* ^ —^_---^- 

Banded _ __ 

Jh ■fTHflTPlj CA^nSh . L-JM*-! F 

1 

1 

^LS J-UUPL^%i — 

3 


Blue danio- 

7 

J)dat0 wofabn ricv^ - 


10 


zjo.n»o-rpriw,--- -- j. 

Q^mnoeor^jmhua itmiiri -- Black -------- ------ 

---- Tetra Buen^ A3n^--—^ 

ff^AAssffjAryiSati inm**----- -— - Kecm tetra^ -- ^ - 

Knfpt^pt^aUdrthit - - Glaweatfigh- f 

rritcwl'flfws-— --- --Guppy 

ixpjdotfreri parodcapfl--.-- -- Soutti Amotitaji lung 


Mcer&poduM ^_ 

AfcsJ(ieftwra tp^opi sp --- Victory molly.---.*---. 

PUUyfiOtdSua _ _—.. — diooo-_ --- 

P^a^vp<KCl7tlf irtocTtfalM-. ---. - Black wi^^all moon—-— 


IQO 
2 

Faradtse fish-_ _*- - 20 

8 

20 
8 


Piatfipoccilva TuflcuiciUJ-— - 


1 

Propfflplertjj annedejit- 

___ African lungfisb-, - 

2 

1 

PlcropAv^^^"^ tcttfcrfl —^ - - - - - 

_ Piranha or cwiuibtl fisti---,- - 

1 

1 



a 

XipAapfttjfitf fcfUeW- - - - - - 


12 

PuLTUSdlnnct HD___ 

aEACB^^iOS 

..Tarantula--— 

2 


B^a^a sp..^ ____ 

Eeepectfully submitted. 

Dr. A. Wetmore, 

Secret{trff^ Smithsonmn ImtUuticn 


IKSECT 8 

Giant cochroatb—.--- --- 


W* M. Makn, Director. 






























































APPENDIX 8 

REPORT ON THE ASTROPHYSIC.YL OBSERVATORY 

Sik: I have the honor to submit the foliowing report on the op- 
erationa of the Astrophyskal Observatory for the Bscal year ended 
June 30, 

The work of the Astrophysicftl Observatoiy is conducted on funds 
i^ived largely from appropriation by Congress, amounting for the 
fiscal year 1945 to $44,140, end in part from priTate sources. There 
ere two diTisions: 


( 1 ) nmsiOK or ASTHOPiiTsrcAL BmzAscii 

This division has its headquurteirs in Washington, and maintains 
three field stations for solar observations, at Table Mountain, Colit, 
Tyrone, 3f. Mes,, and Montezuma, Chile. In Washington the di¬ 
vision occupies frame bnildings in an enclosure about 15,000 square 
feet in area just south of the Smithsonian Building. The frame 
structures have served for many years as the offices and laboratories 
of the division. During the fiscal year 1945 eatensive alterations and 
repairs were made which provide greatly improved facilities for the 
work of the division. 

Work at Wajthinffton. —In the first half of the fiscal year u, large part 
of the time of Mrs. Bond, ^fr. Hoover, and the Director was given 
to a compilation of ail solar-constant values for the period October 
1039 to January 1045. This compilation is an extension of the great 
table (table S4) of volume 6 of the d&nnals of the Astrophysical Ob- 
servatoiy. The extended table summarises the important factors 
employed in tlie reductions and also gives the preferred solar constant 
for each day of observation in the 21%-year period July 1933 to 
January 194j. Inasmuch as this period includes ihreo sunspot 
minima (Jnly 1923, September 1933, May 1944), and thus covers a 
complete double sunspot period, it became of interest to study all these 
results to determine what relationship exists between solar co'UstBnts 
Md sunspot nmn bers. A paper summarizing this study (Smithsonian 
Mibc. Coll., Tol. 104, No, 12) sliowa a diametrically opposite relation¬ 
ship between solar-constant values and sunspot numbers in the two 
halvea of the double sunspot period. It is important to discover in 
^6 succeeding cycle of sunspots whether thU complex relationship 
repeat itself. If so, the prediction of solar variation as given in 
ftR 
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volume 6of ihe Annals (fig. 14) and referred to in the 1M4 report will 
require some modification, since that curve did not rndudo considera¬ 
tion of sunspot effects. 

Dr Abbot and Mr. Hoover constructed and tested a new sensitive 
radiometer which Sir. Abbot plans to use with the aid of the Mount 
Wilson 100-inch telescoiiC to study the distribution of oner^ m tlie 
spectra of stars of various types. Definite progress was made m tU 
design of the instrument, and in the control of static charges, wmeh 
in the past have beeu moat troublesome. 

At the request of the United States Weather Bureau, two pvr- 
heliometers belonging to the Bureau were repaired and rec^ibrated. 
Also a silver-diBk pyrheliometer was built, calibrated, and sold at 

cost to the Bureau. , - x i 

Dr. H, Arctowski has continued his studies of the effects of solar- 
radiation chaDges upon atmospheric circulation and ^related atmos¬ 
pheric problems, A paper summariaing this work is in preparation. 

Work in the /fe/rf-— Observations at the three field stations were 
maintained in spite of the continued manpower shortage. Great 
credit is due the directors of the stations for carrying the heavy ob¬ 
serving load under difficulties. Owing to the serious Qlness of Mr. 
iloore, director of the Tyrone station, that station was closetl for 
8 weeks in the spring of 1945. 

WV iforJt.—Two sets of esperiments were carried out at the request 
of the Military Planning Division, Office of the Quarterma^er Gen¬ 
eral, to determine the surface temperatures attained by various sam¬ 
ples of military clothing under conditions similar to thoM of actual 
fw, in the field. For this purpose we employed a special thermo¬ 
electric device developed some years ago at the Observatory for the 
mci^iirein-ent of stin teinperatur^ 

In June 1945 a contract was signed with the Office of the Quarter^ 
master General, under the terms of which the Observatory is to make 
a detailed study of radiation received from sun and sky at Camp Lee, 
Va,, in connection with a series of tests being made at Camp Lee. 
The proparntioh of instruments for this study was in progress at 
the close of the fiscal year. 

|2| DlVlSiOX OP EADIATTOS" AKO OBGASISMS 
(Report prepared by Dr. EjifI S. Jolmston, ABstetant Dtrector of the Division) 

During the early part of the year research connected with war 
projects wfts teiminated. This work dealt mainly yrith problems of 
deterioration of cloth, cardboard, and electrical wire insulation by 
molds and by ultraviolet light. Contact with the^ projects ia still 
maintained by Dr. Johnston, who was designated liaison representa¬ 
tive of the Institution with the Tropical Deterioration Steering Com- 
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mittw wliich comes under the Nfltional Defense Ecseorch Committee. 
He also represents the Institution as a technical adviser to the iJary 
with reference to emergency rescue equipmentj which section is now 
under the United Stat^ Coast Guard. 

The termination of this emergency work has pennitted the resump- 
ti^ of the Division's regular research program. Two of our labo¬ 
ratory rooms have been equipped with apparatus and faciiities for 
the contmuation of our studies on photosynthesis and on the wave- 
length effects of light on growth. It has been found necessary to 
rebuild much of the CO, measuring apparatus and to carry out e^en- 
sive tests before our fimdarnental problems could be taken up. These 
steps are now in process of completion, and four preiiminarv eiperi- 
ments on wav^-length balance and plant growth have been carried 
^ problems have been pursued: (1) Influence 

of ^e gra^ seedling, and (2) course of devel- 
whh seedling as influenced by environmental factors 

with special attention to the role of radiant energy. 

It has been noted previously (T7eintraub and Johnston, WU) that 
biarf lUummation of etiolated barley seedlings resulted in a marked 

inf^tSU evolution. In attempting to gain 

mechanuan of this efi-ect a study has been madb of 
rtie ^ucing sugar content of tlm plants as influLed by light; no 
ffl^ficant change in sugar content was found under the eiperhnental 
to dtlntr^ e^Pjoyrf. In the course of this work it became necessaiy 

t«en published. 

^penmentsnre now m progress on measurement of oxygen consumD- 
11 ^concurrent with the carbon dioxide production 
The investigation of grass auidling development has proceeded alonn 
madrof mT' I" radiation itself, a study is being 

tm^ nL ^ f factors such aa tempera^ 

ratepH ™ aeration. Additional data have beeTob- 

IveTa niesocotyl inhibition in oats 

wide ran^of light intensities; at low intensities a second maxi 

“ft? neighborhood of 620 m,. It is hoped that work on 

pigments can be resumed shortly 

'•* «6<-t 1>« taea 

repi cseiiting a majority of the tribes of 
‘j'® respn'^ of all species have been found to\e fably sinSlar 
to tliat of Avena^ thus greatly extending tlie generalitv of the « r 
results of Weintraub and M^lister (ilia? T,* ^ 

to "/ coleoptilc also is l^ing studied" 

to date have demoiistrated a marked effect nf I 

-^.1 .hi. org.. ,ig,„ rtid. tahiSST.' 
pe liras but an apparent stimulation at higher temperatures. 
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PERSONNEL 

On June 30^ Dr. C G. Abbot, for m&nj years Director of tlie 
Astrophysical Observatory, retired from admmistraltve work. I** B. 
Aldrich was appointed Acting Director, and on April 16,11H5, be suc¬ 
ceeded to tlie post of Director. It is a pleasure to record tliat Dr. 
Abbot remains at the Obaervatoiy ns research associate and Umt his 
advice and help continue to be available to the staC 

As of June 1, iy45, tu B. Clark, expert gla^ blower and tedmician 
of tlie Division of Kadiation and OrganiEuis, was placed in charge of 
the construction of instruments and equipment for both divisions of 
the Observatorj'. 

POTLIOAnONa 

During the fiscal year the following publications on the work of the 
Observatory were issued: 

Aremt, C. Qn WisiUier piTdotenuiliied by solar ifarEaUoa* SmtHiBunlaa MLi^ CoU^ 
Vol. 104, ^O. 5, Jo3y 1044. 

Abootp C. Ghi Oq tlae STrOQTJ-djiy cycle In W^aeliLiigtoD prccipitntton. SmltbRoalAo 
arsec. OIL. ™L No. a F^hnsary 19J5. 

Aldbich^ L- B., Smltbsonlitn pyrtwIloaietFr nntl the Aadftfln Tnlcanlo eruptions of 
April lOfli SmEthsoDUtD MIsc. Coll., toL 104, KO. e, July 10+4. 

AUibiciE, L- B-i Solar rnfixation otasciratlDas and toIcrelIc dost. Nature^ tdL 154, 
No. 3DM, p. rSaS, London^ Ntsveixilfccr 1D44. 

WEurm\ujt^ R. L., Hadhitk^n and pTnnt re^IrflUon, Bot Eev^ voL 10, No. 7^ July 
1944, 

WiTTriTKAi-n, R. L., CbeuiorbfTopentic u^ata froni mlembesL Ann. Bcp. Smltb^ 
soninn luaL for 1043 ^ October 1014 . 

WnKTRvcii. H- anU Pbicp^ LEoNAao^ IiiAucdcg of various substaucea on sn^r 
dotcrmlnuElon by Clipper utid ferrJcyanl4e reacenta. Smifbaonlna iliac. CoU., 
Tol, 104, No. 10, March 1915. 

Respectfully submitted. 


L. B. A]j>RiCii| Pirictor, 
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REPOBT ON THE LIBRAEY 


SiB; I IiaTe the honor to submit the following report on the actirities 
of the Smithsonian library for the fiscal year ended June 30, 1945; 

In use and also in growth the Uhtury continued to reflect the prog¬ 
ress of the war during the year just past. As the Army and the Navy 
moved toward tlie final objective, occupying territory concerning 
which they had earlier made a thorough seardi for significant infor¬ 
mation, the reference use of the library by the war agencies notice* 
ably decreased. The same reason, too, accounts largely for the drop 
in the number of loans to outside institutions from 1,363 in 1944 to 
640 in 1945. Foreign accessions, on the other liand, took an upward 
turn late m the year, especially after VE-day, and the number of 
pieces received through the Internationa] Exchange Service was 200 
more than in the preceding year, while increasingly larger numbers of 
publications had begun to come from abroad by mail. It is espe¬ 
cially gratifying to note here that soma of the European learned so¬ 
cieties and museu^ had been able to continue publication of im¬ 
potent series straight through the years of the enemy occupation of 
their countiiee- 


While its more obvious direct use by the personnel of the war agen- 
cies d^lmed, there wm no falling off in the demand for the libiary’^s 
less direct and conspicuous but no less important war service bv the 
memters of the scientific and technical staff of the Institution many 
of whom were continuously busy with war projects requirini their 
^lal knowledge. Most of this work was not different in ki^ from 
the usual peacctimo business of supplying the books and mfonnation 
research workers in making scientific investigations, and 
DO eswptional methods or procedures had to bo used to do it. Now 
and then, howerer, ingenuity and resourcefulness were taxed to meet 

to the teniDor^ specially pressing requirement, sometimes 

to dm temporary disruption of estabUshed routine. 

A foreaist of the approsching end of the war was the return to 

ington in 1944 of the rare books and manuscripts that had hi%a 

amoved y.., m 

ton » ,ndri.ted boa to WMhingt™ .nd U, Uni^r^' 

a a. of Conpo* ,00 P^ridio^ a. 
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’whicli they were housed and protected during the years of their evacu¬ 
ation. The McCormick t-ibraryj in the stacks of which the Univer- 
Bity so generously gave them storage space, is & fine new fireproof 
building, and the Library of Congresii was so kind as to cs^tend to the 
Smithsonian material tlie 24-hour guard service which it maintained 
over its own material similarly stored there. More fortunate pro¬ 
vision for the safekeeping of the Institution^^ irraplareable tmoka and 
mantiscripts could not have been madoi and nothing was lost or in¬ 
jured in any way. 

Not a part of its official busipess^ but a willingly accepted wartime 
obligation, was the library’s agency in receiving and tlistributing the 
popular books and magazines which members and friends of the Insti¬ 
tution continued to bring in for men and women in the service. The 
table in the main hall of the Smithsonian building was kept well 
supplied with ^take away” reading matter, and many books were 
turned over to various aarvice centers in the city. 

ADCES^OKa 

The first evidences of the returning tide of foreign publications came 
so late in the year that their number and kind did not greatly afiect 
the picture of the acceaslona for the year os a whole^ especially as 
there had been a small but coutmuous falling off of serial publications 
from abroad in the months before. The accessions division handled 
altogether 25,{)I4 incoming publications. Of these, mostly 

documents not required in the work of the Institution, were sent di* 
rectiy to the Library of Congress, while duplicates received as gifts 
or in exchange, and gome other publications not needed for immediate 
use, were either given to other Government libraries or were kept in 
reserve. All the rest were cataloged, cjvter^ in the current periodical 
records, or assigned to sectioDal libraries for filing in pampldet 
collections. 

Of the Tolumes received, ljS63 were purchased. The eiigeneies of 
current peacetime scientific publication usually make it difficult to 
stretch the book budget far enough to include older works needed to fill 
gaps in the Institution's working collections of reference book& 
Narratives and reports of early voyages and travels are especially 
important to the work of both the National Museum and the Bureau 
of American Ethnologj^, containing as they do much direct or incidental 
information about the animals, plants, and peoples of the regions 
visited, while many of the older books on natural history, art, crafts, 
industries, and inventions are constantly required for referenco by 
the different departments of the Museum and the National Collection 
of Fine Arta. This year, as last, it was possible to buy a few of the 
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Institution's desiderAtfi in tbsse and related fields when thay camo into 
the book markets; Among them were Henri Demldi's “Les Gravcura 
du XIX* Sifecle," 12 Tolumes, PariSj 1885-92; George Dlion’s “A 
Voyage Bound the World, but Mora Particularly to the Korth-West 
Coast of America, Performed in 1785, 1788, 1787, and 1788,’* London, 
1789} W. Vincent Logge’s “A History of tJie Birds of Ceylon,” Lon¬ 
don, 1880; Urey Lisiansky'^s “A Voyage Bound the World, in the 
Y^rs 1803, 4, 5, & 6, Performed by Order of His Imperial Majesty 
Alexander the First, Emperor of Bussia, in the Sliip Neva," London, 
1814} Sonniel Palmer's “A General HLsloiy of Printing, from the 
First Invention of It in the City of Mentz,” London, 1733; Leo 
Schidlofs “Die Bildnisminiatur in Frankreicb im XVII, XVIII, und 
XIX Jahrhundert,” Vienna, 1911; J. P. WUliamson’ls “English- 
Dakota Vocabulary,” Santee Agency, Nebr., 1871; Francis Willugh- 
by’s “Omithoiogie,” London, 1676; William Wood’s “Index Ento- 
mologicus,” new and revised edition, with supplement by J. 0. West- 
wood, London, 1854. 

GIFTS 


Space d^ not permit the separate listing of the 3,693 books and 
papers which members and friends of the Institution so gencroiislv 
gave to the library during the year. Among them were many items 
that greatly enriched the collections, notably two gifts of more than 
200 publications each, on photography, some of them old and rare, 
which were presented to the division of photography for its sectional 
librniy by George R. ^rgens, and by the firm of IHiller ft d'Albert. 

Separates and raprints of their papers are alwavs most welcome 
gifts from scientific investigators, and our divisional libraries on 
special subjects are largely built up of such contributions. In spite 
of the wartime difficulties of publication and transmission, the year's 
record of the receipt of literature of this sort Includes the names of 
individual donora from most of the countries of North and South 
America, and from Great Britain, Portugal, Egypt, Turkey, South 
Africa, Australia, and New Zealand. 


'^e Institution's policy of exchange of publications has always been 
® Vr equivalents, and many of its own 

P, without expectation of any return in kind 

at all. This poLcy has greatly benefited the library, for it bus almost 
invanably been reciprocated generously by the institutions on the 
exchange list. During this last war year nf paper shortage and small 
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editions, the library has bad reason to feel especially fateful to the 
issuing mstitutions trho have sent us yoluntarilyj or upon request^ 
many needed publications over and above the hundreds distributed 
regularly in routine e:cchange. 

OATAljpaTNq 

Current cataloging according to tlie plan of Tvork adopted last year 
was well kept up, and it was even possible to do a little recataloging 
of some of the older, inadequately cataloged material most in demand. 
The union catalog was considerably improved, and work on it was 
simplified by adopting some clarifying ivtid labor-saving devices m 
its an-ungornent, and by withdrawing from it old donor cards and 
other c:ilraneous records which were serving no present useful 
purpose. 

There are still many thousands of volumes of older accessions in 
the different bureau libraries and in special collections that are not 
represented in the union catalog at all, and a large number of them, 
especially those in the iluseun^ library, are not adequately cataloged 
in the unit catalogs of the bureau libraries themselves. 

Since it^ founding, almost a hundred years ago, the Smithsonian 
Infci:itution is so fortunate as to have acquired esceptiontilly rich col¬ 
lections of litci'oturo in certain special fields of its interests, notably 
in anthropolog3% aioologj', botany, and geology, in addition to the pub¬ 
lications sent as part of the Smitlisoniau Deposit to the Libmry of 
Congress. Trovisiou for the cataloging of this and other material, 
mostly in the different bureau and sectional libraries of the Institu- 
tioD, has always lagged so far behind its inflow, through the yearis, 
that the large accumulated ‘backlog*’ of work to be done on it might 
almost be termed permanent. Certain it is that it cannot be satisfac- 
torily reduced within any predictable future time except by a staff 
of competent eaUlogers engaged to do it ns a special project. 

But only when the library finally has a complete cataJog of aU the 
Institution's boofc, so that it is possible to know exactly what and 
where they ai-e, can it be the scholarly tool and can its staff give the 
fully effective service that contemporary scientific and technical 
research requires. 

DTjmiCATES 

Tlie resources of the library's large coUections of duplicates and of 
other publications on subjects not i>ertinent to the work of the Institu¬ 
tion continue to be drawn upon by other Government libraries, and 
Diany parts needed for the completion of sets of scientific serials 
have been supplied to them. More than 0,000 of the^ puhUcations, 
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tM, irere sent to the Library of Congress to be used for the rehabilita¬ 
tion of destroyed libraries. 

eehsoxxei, 

Clmnges in personnel were the appointment of Miss Maty L. Fleet 
on October 16, l^?44, to be in charge of serials and binding in the Mu¬ 
seum library, succeeding Miss Elizabeth G. Moseley who bad resigned 
on August 31; and the appointment on September 18 of Miss Leona 
Haviland as a cataloger. By transfer from the division of insects 
Miss Mathilde il. Carpenter was attached to the library staff on 
August 31 os biological aid in charge of the Bectionnl library of the 
division of insects. On October D hire. Carmen G. Handall, who 
had been under temporary appointment as library assistant, was 
transferred to the temporary position of senior bindery aid. Miss 
Beatrice E. Smith served asa cataloger under temporary appointment 
from J uno 30 to August 31,1D44. 

NEEDS 

Belief for tJie serious overcrowding of the shelves in all the build¬ 
ings IS the Ubraiy’s most urgent need, and the whole matter of the 
physical condition and arrangement of all its branches and parts 
with relation to policies and provisions for their growth and adminis¬ 
tration in the future needs detailed and careful study. 

BTATISTlCS 
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PerlDdIcsl pam c^atcral------ 32,3*50 

3,340 af th w wcm f to thQ SmltliBoiiL&ii Dexrttlt. 

Loarti of bo^lcfl aa^t perlodlcnlfl-^- -- —-- —10,833 

Thia SfTine dooa not iacluidc the tci^ coEkSlderable mtraiaural 
clrenlaOoD of books End pcrlodtcala aaslgn^ to Bectloaal llbnirjes 
for filing, of wbkh no ooont Ie kept 

Bin4ino 

VoiuiucB sent to tlie bindery ------ —. 2,t^ 

Books Impaired et the InadtutJoii--. ----- - - 1,140 

HespectfuUj subioitted. 

Leiu F* Librarioju 

Df. A* WetmorEj 

Secretarif^ SmUk^ont^n 








APPENDIX 10 

KEPORT OX PUBLICATIONS 

Sib : I liAve the lioaor to submit the following report on the publicB' 
tioiis of the Sinitlisoiiitin Institution and the Government branches 
under its admin islmtire charge during the year ended June 30,1915: 

Tiio Institution published during tlie year 0 papers in the Smitii- 
soniun Misccllane^ms Collections; 2 papers in the War Background 
Studies scries; I Annual Beport of the Boa id of Begents and pam¬ 
phlet copies of 23 articles in the Report appendix; and 2 special pub¬ 
lications. It also reprinted 2 volumes of the Smitlisontan Miscella- 
neoos Collections, 17 War Background Studies papers, and 5 special 
publications. 

Owing to the paper shortage, the Secretary’s Report for 1&44 was 
not printed as a separate pamphlet, but was mimeographed, in con¬ 
densed form, for tho use of the Board of Regents. Tliis report, in¬ 
cluding the financial repoit of the executive committee of the Board 
of Regents, will form a part of the Annual Report of tlie Board of 
Regents to Congres for the year ended June 30,1044. 

The United States National Huj^eum isfsned 18 Proceedings papers; 
1 Bulletin; and 1 separate paper in tlie Bnlietin series of Contribu¬ 
tions from the United States National Herbarium. 

The Bureau of American Ethnology issued one Annual Report, one 
Bulletin, one special publication, and one paper in the Institute of 
Social Anthropology series. 

There were distributed 141,635 copies of the publications, including 
24 volumes and separates of the Smithsonian Contributions to Knowl¬ 
edge, 14,420 Toliimcs and separates of the Smithsonian Miscellaneous 
Collections, 19,686 volumes and separates of the Snutlisonian Annual 
Reports, 56,245 War Background Studios papers, 3,312 Smithsonian 
special publications, 33,264 volumes and separates of National Mu¬ 
seum publications, 11,570 publications of the Bureau of American 
Ethnology, 6 publications of the National Collection of Fine Arts, 8 
publications of the Freer Gallery of Art, 160 reports on the Harriman 
Alaska Expedition, 23 Annals of the Astrophysical Observatory, 089 
reports of the American Historical Association, and 1,528 publica¬ 
tions of the Institute of Social Anthropology, 
los 
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SMlTUSONliVN MlSCFJiTiAyEOUS COLLECTIONS 

There were bsued sbt papers in tins series, as follows; 

VOLOU 104 

No. 5. WoBther ppedetenolnHl by solar rnrUitlon, by C. O. AMkm, 4* pp., W 

fles. (Piib1-3m.) Tnly3, 1&44, « , 

No, 6, SmUb^onliin p^TliclI^ini'etiT iiTid tiip Andean foUsinlp enap o 
April 1832; by L. B. Aldrldi. 5 pp. (Pulib 3:fT2,) July 3, IML 

No. 7< Tbe feeding appanitua of ibp bliltis nnd sucking Insects affecting nmn 
and aalmsls. by R. E- Snodgmas. 113 PP^, 3» ASS- ®™.) October 24. 

1D4C 

No, 8, A new sblpwodn from the liana um Cabal, by Pnttl Bnrtficb. S pi*., 

1 pi, (I'abl. 3Tr4,l SeptHutoer 7,18«. 

No, 9. Ou ibe 27.0Cin-Hlny cycle In Wiiahiegton precipitation, by C, G, Abbot, 

2 I®, (Pahl. aSdO,) February 8, H)4S. . , 

No 10, influence of turloua suhstiiBces on sugar detcnnlnfttlon by copper 
and ferrlcyiinide reagents, by Rol^l L Welutniiib and Leonard Prlcib 17 pp.. 
0 flgs. (I'UbL gaoL) aian ll 2S, 1W5, 

Tiie following volumes were reprinted: 


VOLUME T* 

Worlfl Wcjiilior Records, aswmliled find armne^d by H. Kclin Clnyton. First 
R^jvrUiL pp. (PubL 21113. > 

VOLUME 90 


World Weather R™r(L«. R»21-1D30 h assembled and aminped by H. Helm 
Clayton. PI rat Reprint, irll-5-610 pp- 321S,) 

WAR RACKGriOUND STUDIES 

Li this series the following papers were issued; 

No. 20. China, by A. G. Weulcy *ud John A, Pope. 85 pik, 25 pis., 10 figs. 
(Publ. 8TT0.) Jnly 27. IfrM, 

No. 2L Tin* AleuUon Isln.ids: Tbeir people and natural blatury. (wltn Keys 
for the Identllicntlon of the birds onil pUnits). by Henry B, Collins, Jr.. Anrtln 
H. Clark, iind Elgbort IL iValker. 131 pp., 21 pis.. 8 MC?. (PuM. 3775.) Feb- 
rtjaiy IM&r 

Tlic foUowiiig War Background Studies papers were reprinted: 

No. L Origin of the Far Kostem clTlItzatlons: A brief lurndbook. by Curl 
Whiting Blahoji. 

No, 2, The airolatlon af nations, by John R. SwnPton. 

No. 3. The p*^plM of tlie Soviet tTolon. by AJeS HrdlSi^a, 

Xo. 4. I^oopk** trf ihe Phlltpplineai by Horbert W. Krlegpr. 

No. 6. The natural-litartoty bactsronml of camouflage, hj Herbert Frtoilmaon. 
No. a Rolyuesiaos—eirlortra of the paelflr, by -I- B. \\ ockJer. 

No, 7+ The Jppatieae, by John F- Ecnbree. 

No. e. aiatn—lahd of free men. by H- G. Deignam 

Na ft. The native peoi^ of Now Guinea* bjr M. W. SUrlSng- 

$7«212—40—a 
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Na 10. PolwDoiu raptlles of the world: A wartime hnadbook, by ll^orU M, 

CocfaroiL 

Ko. IL Kgspt find tbc Bii9% Can«l. by Frank H. H, Boberts, Jr. 

No. 12, Are wore Inevitable? by John R, Swan ton. 

No. 13. Alofika: Ainerlca'a continental Iron tier outiKjgt, by Ernest l\ Watker. 
No. 14L Ifllaftdfi and peoples of the Indlesp lay Rnymcmd Kenoedy. 

No* 35. Ireland and Gteenland, by Atistin H. ClarlL 

No. 33. Island peoples of the waseem Facidc; AUcronesia and Mel^tiiesia, hy 
Berber! W. Krieoer. 

No, 17. Burma—BBtowny to Cblnap hy H, G, Delgnan. 

No, IS on ^Tbe Peoples of IndiEp"* by William H. Gilbert, and No. :o on '"The 
Peoples of French IndDcblna/' by Olo? Jonso, were iasuiMj ao near the end of 
the previous dacnl ycor that no reprints were necessitated. 


SMITHSONIAN ANKUAI. IlEl>ORT3 

Report for ISJ^S .—The oomplete volume of the Annufil Keport of 
the Board of Eegente for 1S>43 was received from the Public Printer 
in October ISM: 


Anmifti Report of the Board uf Regents of the SmlttsonUn Institution showing 
the operations, expenditures, and coniiitloM of the lastlttjtloii fot the year ended 
June 30. 1S43. JCl+BOO pp., ill pla., fli figa, (PuW. 3T«.) 

The general appendix contained tJia following paiiet^ (PubU. 3742- 
3764); 

Solar millayon a power sourcer by C. G, Abbot 

Some blolcetnil «ff^ta of solar rHcllatlon+ by Brian O'Brien. 

Tbe sea a^ a itorabooae, by K, F. ArmBtropg. 

Progress La new synthetic teitde libers, by Herbert It Maueraberger. 
Potroleam geology, by WUlLnm H. Heroy, 

The 1B4S ei-nptloa of Mattna W, Hawaii, by Gorjou A. MacDonHld 
New nieLals and new wetheds. by a H, Deecb. 

Oceanography, by Henry C. Stetson. 

Tbe oconn current called “The Child,*' hy mot G. Moara. 

Maps* strategy, nnd world politics, by Richard mes Harrl^ioji end Robert 
SlruDm-Hupil. 

The nataml-hlwtoTy hJM&Knjnrd of cftmoallugv, bj Herbert Frlediiioan 
DanBcrous reptiles, bj Ilorls M. Cochran, 

The idnats pf caiino and thdr asefulnra lo maa, by Egbert M Walker 
Kalqrsi mbber, by 0. F. Cook. 

LessoOB from the Old World to the AmoHois In land u«e, by Walter Clay 
Lowdcrmllk. 

irefil and tempo™] ospects of aborJgliial South American culture, by John 
il. Oooper. 

Origin of the Far Eustein clrlllsatlons; A brief bandbock, by Carl Whiting 
BlshopL 

Ooatoura of cBiture in Indonesia, by Rnymnud Kennedy. 

The Arnb rlilage commiiiiity of the Uiddie Bast, by Aflf I. Tannoos. 
ChMOtherapeutlc agents frem uiicrohes, by Robert L. Welntranb. 
Bu^namldca m the treatment of war wounds and huras. by Charla L 

The yeUcw fever sitnatioa in the Amcrieas, by Wiihar A. Sawyer. 

E^mc fiKkl problems In wartime, by George it. CowfllL 
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Sep^t foT IS4i,—The Report of ttie Secretary^ irbicli inclutlBtl the 
financial report of the esecutive committee of the Board of Regents, 
and 'which will form part of the Annual Report of the Board of 
Regents to Congress, was not printed as a separate pamphlet, but was 
mimeographed, in condensed form, for tlie use of the Board of 
Regents. 

The Report volume, containing the general appenoLi, was in press 
at the dose of the year. 

SPECIAL PUBLICATJOKS 

FubtlCBtlo&B of tbe Smltlistmlan Instltntloii iBsued betw^Q July 1, 11^0. ta>A 
July 1, 1SM4. 18 pp. Mareli 

Ctaaslflcd list of Smithsonian pulillcntlons uvallabla for OlBtrJbntwn Meiy 1, 
1W5. Helen Munro*. TjO pp. tPubl. 3S02.> Hay 1<M5. 

The following special puhlications were reprinted : 

Notional Alrernft CollKtlon, by Pan) Oarber. Flftb Edition. 43 pp, lUiw. 

(Pubi. aesn.) ainncii 1045 . , ^ ™ „ 

Brief Gnlde n> the SmlttaoDina Instltatlon. Slitb Edllloa. a) pp,> moa 

April 1W5. . , 

A field coltector'a manual In natural hlftory, prepared by niomlwra of tbo 
staff of UiB Sml UiBonl an Instltn tion, IIS pp., 00 Hjts. (Pabl. 3700.) June 1W40. 

PUBLICATIONS OP THE UNITED STATES NATIONAL UUSEUtd 

The editorial work of Utc National Jluscum has continued during 
the vear under the immediate direction of the editor, Paul H, Oehser. 
There wei'e issued 18 Proceedings papers, 1 BuUetin, and 1 separate 
paper in the Bulletin series of Contributions from the United States 
National Herbarium, as follows; 

iitocximiNos; voldme o* 

No. 3177, ParnslUc copepoda to tbe United Sutica National Museum, by Charles 
Branch Wilson, E*p. Gi21NS£% pis. 20-34, July 10, l&M, 

Title page, table of contebta. and imlex, Fp. l-vl, TiSS-liSSb Dcfwmber 1, IMl. 

VOLUME as 

No. 3170. A coltectto® Of bird* from northern Caaoicoste, Ooeta Klca, by 
AlexoadcEr Wetinorp. I’p. 26^^, pis, 3-0, July T, 1044, ^ 

No. 3180. Studies In Neotropical Mallopbaea (III> rTInamJdae Na, 2], by 
lI.A.CniTlker,Jr. Pp. 81-233, Aks, 1-29. October m ItW. 

No. 3181. The fislioa of the faially Cbamelnldpe from Veneiueln, with d^ip- 
tionn of seveoteen new fones, by Lconnrd P. Scbolta. PP. 23.V3CT, fiffo. 3(H38. 

September 6,104A < *,. 

No. 8182, New senern and ipedea of oriental and Anatrallan plant bu*s w the 
United States National Mnsenm, by Tsnl'Yit Hsiao- 1*P' 380-308, fifi- 57, AuipiBt 

No. 31S8. New epecies ot bpprisPd beetles from Trlnldsd, by W. S- ETsher. 
h>-807-400. July 22, 1044. 
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Na 3184 Tbft Ftil^nroiaw. flrr Inntertmes. ot Trlniand and adjacent pofts of 
SomJj AtnerJca, by R, G. Fannah. Pp. 411-320, plsL 7-i7, May 24, 1 & 45 , 

No. 31S5. Sammary i>r the coUecdona of aiuphtltiant msiJe in Mexico nniler 
(Le Walter BaibiHinc Bacon TniTcIlns Scholarship, by Edward H. Toylor and 
Hobm M. SMlU,, Pi*.K 1-013>(U9. GS^, pls.ifr45i January 30. IMS. 

VOUJME flfl 

No. SlSfi. BcrJcw of the apider moateys. by Bemioffton Kcllifra and E, A. 
Ooldmaii. I'p. 1-45, flya. 1^. NoroiolKir 2,1M4. 

No. 3I.ST. A revTalon of the American clingflahes, fninlly Gohlceocldac, with 
descrlptlona of new fichcra oad fonss, by Efonard P. Scholls. Pn 4T-7T tii 1 
lieccmber 30i, i!M4. ^ ^ 

No. 81S8. New beetles of the family FaccieniEauine from Central America and 
tbe West Imites, by W,!4Fiahcr. Pp. TIKIS, May 8 .1045 
Noi 21KI, New lantcrnflies (FalBorotden) from Sotiih America, by R G 
Fennah, Pp. 9S-10-1, plat 3-3. May 0, IMS. - y . u. 

No. SlOa The genua FunSeihf Zeller: A contrlbntlon toward a rertalon of 

PfniUdoid moths or the family PhycltlHae, by Carl Eclnrlcb, Pti 
105-114. pisi 4.R. Jfay 18, 1945. ^ 

fiped^ Of percold flshes from New 

SrelTV. 194? l-wnaril P. ScbgJt*. Pp. UD-lSl, flga, 

Oahea of the ^nns OpAiBfctsa from the Atlantic 

sT A^rllM ImS!' '' 

(Jrypfaawni Brullf, matnly Tropl- 

cni Am&tlefln, by Ji. A, CuBliuian. P|v, 1 JH 5 „ 

Neotropical InnternfUnr of tbq gcmis PArtelw in the United States 
(iUlJaEnXS 

r ^ « tbecolcopteroiiB Inaects of Meikti. Central Aiaor- 

»„'S. ® BMMaw. 

CONlTUBCnONS PBOM THE UNITED STATES N,tTI0NAL HZRBAHIUJa 

TOLmCB 2b 

5.. Mcileon pbaaorognma descriiKd by M. E Jonee, by C v 
ST-na Aatcraceae described from Meiiw ami the ^uthwratera Unlt^ 

S««. b, M. K. s. p. ppl llSrC a 

PUBLICATIONS OP THE BUREAU OP AMERICAN ETBNOLCGT 

«t JhT ^ cunanued under the immedi¬ 

ate direction of the editor, if. Helen Palmer. During the >ear the 
following publications were issued; 

^ Aminat Report of the Bumm of AmPrlcnn EtbaoIo|.y. 1M3-1&44, 
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UAt of Pybllcatfona cf tJie c^f Anierlcan EtboolcJ^j^, with IndfiS t» 

authors and tiUoa^ Revised Lo June 30, Iftil. ^ pti 

JKSmtJtK *r aOCEAL AWTBBOPOIflGT 

PnbL No, L Hoiuea and liotiBe nse of the Sierra Tara^cana hj Ralph L- BraJa, 
Pedro CamecoH and Thomas hleCorlde. ST pp^« S plA.^ 20 des, Janunrjr 4^ 
liHOr 

The following publications were in press at the close of the fiscal 
jear: 

HUIXETINS 

13T. Tho iDdlattg of the SouthenMera United States^ hr John It Swantoiu 

143. IIiLndhook of Boolh Anierlmn Indiana: roL 1, The Mnr^oal tribes: toL 2, 
The Andean tlvlliaittlonaj voL 3. The Tropical Forest tribes; voL 4, The Clrram^ 
Caribbean tribes. 

FUELTCATIONS OF TTCE OF SOCIAL. ANTSSOPOI^DOT 

No. 2. Cherfln: A SEcrra Tarascan rllldfie. bj Ealph L. Eeali 

No. 8w iloebe, a PeroTlan eonatal communlly* by John Gtllln, 

No. 4. CuliTiral and blstorical of Scnthwesl ntiniemnla, by Polir 

Webater McBryde. 

REIH>KT OF THE AMERICAN HISTORICAL AiSSOClATTON 

Tlie annual reports of the American Historical Association are trans- 
tnitted by the Association to the Secretary of the Smithsonian Insti¬ 
tution and are communicated by him to Congress^ as provided by the 
act of incorporation of tlie Associatioiip The follot^ing reports were 
issued this year: 

Ann nni repoft of the Amerlran Historical Asssoclatlon for the year 1942, Vol¬ 
ume 8, The 4 DCHt for pt^lltlcal tmSty In world history« 

Auniiia report of the Amerlcati HlstSirlcflJ AsEoclatlon for the yenr l&iA 
Volume 1, I*roceedlaj?s. 

The following were in press at the dose of the fiscal year: Annual 
report for 1&43, volume 2 (Writings on American History), Annual 
report for lfl44i Tolume 1 (Proceedings and Guide to American His¬ 
torical Efiviewj 1805-1046); volume 2 (Calendar of the American Fur 
Company-a papers, 1831-IS49, Part 1). 

REPORT OF THE NATIONAL SOCIETVt DAUGHTERS OF THE A^IERICAN 

EE VOLUTION 

The manuscript of the Forty-se^"entli Annual Beport of the National 
Society, Daughters of tbe American Revolution, was transmitted to 
Congress, in accordance with law, October Ifi, 1044 

aijx>tmi:nts tou pbinteng 

The congressional allotinents for the printing of the Smithsonian 
Anntial Reports to Congress and the various publications of tbe Gov- 



114 


AiJKDAL REaPORT SMITHaOKlAN iN&iXl'U'i’lONj, 1043 


e^ent b^tza under the administtatton of the Institution were rir* 
ualJj used up at tlw close of the year. The appropriation for the 
««nmgyear endmg June 30,1946, toUls $88,500, aUotted as foDo^rs: 
SmlthADDiaEL Instltiitloti--_ _ 

‘ ”—---- fl^OQO 


NAtlonftI Alneeiito^_—_ 

cif AjCDeTlc:ai] KUidqId^j’__ 

NutloiuLl CollectloD of Flue Arta^S/S/. 

JJntlonal Zoological pArk_~ - 

Atoofihysltjal Qbflervatoty^^^^_ 

Amerlcoa Hlg^torlcal AssoelaUoti-.___ 


43k OOO 

500 

2Q0 

200 

500 

10.620 


« ^BOO 


Total____ 

Respectfully submitted* 

Dr. A. Wetmohs, ^dii^ I^imrion, 

Seoretary^ SmitAsmian Institution, 












REPORT OF THE EXECUTIVE COMAHTTEE OF 
THE HOARD OP REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION 

FOR THE YEAE ENDED JUNE 30, 1945 

T& the Board of Begmie of ihe Smithe^ian Institution: 

Your committee respectfully submits the following re¬ 

port in relation to the funds of the Smithsoman InstitutLoii, together 
with a statement of the appropriations by Congress for the Govern¬ 
ment bureaus in the administrative charge of the Institution. 

SillTBSONlAN ENI>OWMEKT FTJPrD 


The original bequest of James Smitlison was £1O4,00& Bs. 6<i— 
$508,318.46. Refunds of money cJEpended in prosecution of the claim, 
freights, insurance, etc., together with payment into the fund of the 
sum of £5,015, which had been withheld during the lifetime of Madame 
de la Batutp brought the fund to the amount of $550,000, 

Since the original bequest, the Institution has received gifts from 
various sources, the income from which may be used for the general 
work of tlie Institution. These^ indudiug the original bequest, plus 
savings, are listed below, together with the incxmie for the present 
year. 

undowmznt rtJNDS 

(laeanae for unmtHctcd use of tho InetltuUnn) 

Partly dt'posLteU Lu U. S. Tr^osmiy at ft p^rceot aosl partly iuveatce In atociw, 

bonda, etc- 


FtLBrl forlilufl] Smilhsom beqcifai, pJoa HcnmialfllEa nirlCi|El...... 

Bubmuul binliii9ti,fliU,rtt.ptfl|T4cpadJlMLfillv0.8.TrnraiTU]d 
tcrntfE d iht CDosollSit^ f m4; 

KoJwi fl, uki LydlA* bnqnait tand!^,.,.... 

aom clilf.. 

pr. S. beUWtf tasA.. 


iitam r. igci4 CbMl», bcqo^ fmC. 
nuEJlto^, J&mn, fond... 


haid.. 

Hpdgflna, Thmm O. tpaerU) .. 

Jocicl, IwgEiHl Icmd.,.. 

<3*ori;£ fl-. mfcmortiil fuati __ 

A.. nwitorW ftmd....... 

eaddal Diiidr Kb- iVoflsalEHl dciaHl buki. 




lawestwnl 




jn.3IK.iS 

moo 

4,mLTi 

ipMn 

lu^mos 

LDnSLas 

i,m4i 

la^.taaai 

IpiUCLOD 


1EKl,fKlM 




liaHHDfl 
imeal ir«tr 




aaoo 

i«an 

mm 

4l.*r 

P10U-Z5 

Ai.n 

uass 

" 6,00 


K,atflL IT 
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The rnstitiitioix holds also a nuinhor of endowinent gifts, the iitcotiiie 
of each beiog restricted to specific use. These, plus accretions to date, 
are listed below, together with income for the present year. 


L.,Mflil,fpr lnT^'stFgatloM Ln brEoliw .. 

Artbuf. J mtirS , fiud, far luvenifaiUiiu tad hihIf of the sdh ^ urt on 

Ba^oH. V^lTKlRtk l^haluiJirptolDmEltniohiiDi 

ofWHmtrlMMibErtliS^ltitrUnited_ _ . . 

BafriJ, H., tnaiL, Pb efoaCEnf i mocrtOfinJ f □ Srerotarv BiUrd . .. 

UstfUiw, FiuWciE fojbd^^ far purdbraq of nr Zt^ogtobJ 

_.. . .. 

Coafiold ColiKitOd fund, far linre^ opro of tlM CaMoIIlI ^UimUod 


CtBCfYn TbwDd L.. fuflrl. lot raaluEjiTiiijufl of tiho Ctfcv ooUq^cn md 

BUfllloD at KSwrehM rhlitlzip ta Cdedptct^. .- - ,,, ^. .... 

Chup bffTllJLlf], I’r^cfP L«4, iLmd, lor lacr^ig pFonaoLkm 

e^SiKtlata of fimni and Eolliinks.. ... ._ 

Eldran^-yor ^W<ili« Brv^owt. fk|ttd+ for pTWertarfaH md cxhlbldon'of 
uBjMt^fntnnlcooUmdlDfs of Hydolph E-kfcexiHm, It ,. 

Vl^l, fsurf, fai incEoaM and of VErrU Hiljm 

fljrhtlEiie abkofiff- - ... . __ _ _ _ .V ^ 

Albert IJbrajy fund, |« rtro of 

lINliJ Jf m:m ____ r-v- — V ■ rTV i, 

Eodptlna ruml. IfiodJflet for tEraaa? lasd difloahw of r«^ 

IB tvam Co mtuH-nnd prop^Boi of atmfwpborfc aEr.__ 

HnUffi^ Aki Had MAti#+ fond, ia Inrijutt roAnKthoa jjj anth}^ 

^PolSffy ftbd pubUAtUan Id wbowtlOn lbeitwlt)i.x-.xxx_, . 

Heu^bei, Brtjoap [gud. CO foclnd Eii|bi£a aloovix. . . 

Lmw^p ActwEto ond EdTlb Fmdp for gnktflQ ajid pnsMrratlm irf Lam" 
■DQlIectlDa ftT ferttbroCttefhi^ laws; obt . 

My^-r^ Catborioa Waldon, fiamh far pdFcbau af Jtrst-cJliH worli oVsTt fir' 

IM iu« and btoedt of tliii NotjonarCDlltctJon of Fia^ Artx 

FhM: Arti, JnUa !>, Stpo-ng toquest ffiod, for beiSt 
of NatdDDBl ColjtectloEL f^lbe Arts 


Tot" tniiiuciiaw'of'Alfi^'D 

L^jfra^dlflflSSr 

whML gdall wnognt to KSlCna.__ 

Batbhinir JlIcW. Afepo^ Fuad, foru»of dIrtilOn OfUr b' 
MuMum <sontal;oilnt Crartaota . q. 


T.,fund, forfWiUdEhr~c;^ 


fc^d, IPrew, Emprnv>mVjp(;^'Li5f^'if’^ 
ef AiigfralB 


BojJiiH, MirlftJCi and Wiuiani, ICain4rfof'lnTT^iittoQs"!d‘phy^ 
SmlEhatiHfoo fmpCoyprt' ralJiTSiM;iit 

filpfjflScr, I^Dh,. r^. oj^, of apJ^HKorooBwctkiB aMTfbnur^/T 

^VakolL Chaf^ ^und Mm Vaiw, nwarth J.jJid, lor dettfoptiwgt ij 
. ^TOfodc*^ Md nlKMitolaglraiir rtudJw anef juabtEihEni iwdtJ thertat 
VwptMj, Hfltn ^cQlC. Eond, Mi 1*1 ^ ^ 

ZwbAc, rramM* Brincid#. ftujd, for rOdutrE}^ cf 


Total--- 


JjaT^tan^t 

f00^^^DJ' ImW- 
ast jfKO- 


^,234.S 

40L0ai,W 

' h3$lA7 

snL]iz,M 

•24,0^1^ 

1. ni.30 
A31.iA 

^40. E4 

M,U 

5s.m« 

tariffs 

fl, 

ai7.AJ 

%idT,ii» 


£07. 

]T.» 


327. SI 


EtLlfi 


fkD«I.M 

31. Ml. :a 

3IL70 

Klfll 



iA.wi.ir 


31 

HflLlt 

7.41110 

35AdT 

m.7^41 


liases. 



1.23&rt(» 


1^177.93 

flaiter.B 
eAm.17 , 
1T.W?,W 

%^.7l 

mrtt 

43013?7.K 

H^IIS^TP 

7?l.i5 

a.£17,M 
30.3A 




Tlie abore funds amount to a total of $2,757,12T.S7, and are carried 
in the following investment accounts of the Institution: 

I?, S, Trtusiic^^ deposit fltconni; clrnwlli^ a porwnt Inton^t__ $1, OOO, COO, 00 

OfkQfioilOiic^ ifivestiii'f'nt fufiil nncrdtao In tablf? 1 -fW f>57 7S 

lEenl eftUite. mor^ffnera, _______ 250 815, 01 

Special fund^ ntlEFOf^Ilfiiieoii^ Ini'i^jjrtineiJtsu*___ 51^254,83 


-rotaL... _ . 


.-- 2,757.121.S7 


CONSOLtDAlTD FCND 

This fund contains substantially all of the inv^mente of the Instt^ 
tution, with the esception of those of the Freer Gallery of Art; the 











































export of the IXEC 0 TI\'E committee n7 

deposit of Slj000,000 m the United States Treasury, with guarante^ 
Income of 6 percent; and inTcsUneats in real estate and real e^te 
mortgages. This fund contains endowments for both unrestricted 
and specific use. A statement of principal and income of this fund 
for the last 10 years follows: 


FiaCfilyetr 


IfiWiM 

■tft 

riscaJ Jfihr 

TrtuipMl 

Ipoam* 

Pernent- 

HSn 

tm 

stei?,.. 

IMS... 

iioa.._ 

1723,7^0,19 

i.osi.mas 

savin 
as. sit. 

m7ia^ 

Sfl,fl7S-?ff 

171 

4«7 

3.m 
a, 47 

1&*L,. 

Ito __ 

iCKi .. 

1,;7D.«I8^49 

|,a7%MA.4j 

141/1417.38 
’ iitwir-Be 

iTfl 

XVT 

x& 

3. so 


oiKBoLtaATED TDirn 


(Join in inrc*firtfwti oiw 

Inveettaeuts made ftom eifta and gar lags on Income. --— 

TnTWtm""*” ot Eftln trciu sales, etc., of Bcctiritleo- - -— 


103. EISS. OT 
la BSS. 35 


ToIbL,— - -- 


%44L33 


fbeer gallery of art fund 


Early in 1906, by deed of gift, Cliarlcs L. Freer, of Detroit, pive to 
the Institution Ws collection of Chinese and other Oriental objegta of 
art, as well as paintings, etchings, and otlter works of art by Whistler, 
Thayer^ and other artisst^^ Later ho also gave fuiids or t le 

construction of a building to house the collection, and finally in his 
will, probated Kovemliep 6, lOlO, ho provided stock and securities to 
the estimated value of $1,953,591.42, ns an endowment fund for the 

operation of tlio Gallery. „ . . 

llie above fund of Mr. Fi^r was almost entimly represented by 
20,465 shares of stock in Parke, Davis & Co. As this stock advanced in 
value, much of it was sold and the proceeds reinvested so tliat the fund 
now amounts to $5,864,0ei.T3, in a selected list of securities classified 

The invested funds of the Fi^eer bequest ai-e under the following 


headings: 

Court and rmuMb fucij ——,-—- 

Court aad grounds lunlntonnace fond—— — 
Curator fund....— —- - --——— 

Itealduary legacT fond ---—.■ 


1®4, m. 12 
6i3S,K23-Sl 
t, 373.6:: 1. 25 


TotnL—„ 


_ 5,an. OBI.73 
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£hil<}TLenl of prifici^wl muf for ^ost 10 \fears 


Ttaly™ 

PrJAcfiui 


Pweent* 

1 Bis 

IDM ............. 

isao.msi 

^CfTiiWBLTa 

SL0»>,G«L91 
S, 91^^61 
^m,77%0l 
681,40117 

m»sLe3 

; mi TBITS 

mm.Ti 

iil^ £67,77 
TEA, 12147 
3i^S9«.37 
TilBfiieo 

A3l 

iwri...____- ..-...— 

&7fi 

i«a ............ . 

aSo 

IW. ....... . 

410 

IHO ............ 

S.1M 

166 

40S 

3Lla 

4A1 

104 

IHl ". ^ _... 

mi ............ 

1D^ 

16AA .. ..... ..._ 




THREE FCTSD 

Loss duElEff yenr tiom eale, eoU ot securities, etc_ llT, 340.44 

SUaiHABT OF EirooWMENTS 

IiLYe«tcfl Cfbdowmeiit for general jmrpcp^__ ¥1. 390.^04.03 

Inrestfid endofwinent for specUk porpoaCfl other then Freer m- 

dowment^—-----1,^223.54 

Total LaTCBtetl endowment other thnn Freer eadowmiin 2 , 7 ^ 7 * 127. tTT 
Freer lovosted endowment for Eii>e[:ifto pnrposee____ 5 , 061.73 


Total Inveated cndGwineDC for all ptirpo yw ____ 8;. 1B0. SO 


CLASSIFICATION OF iNtESTMlNTO 

Deposited In the U. S. Treastuy at U percent per finuTiTWj ^ 

aothorixea b the Onltea Statet EcYlied BtntHtea, set 5ES01_ 

Intesttnents other than Freer ondowmeQt (coet or 
market vnlae nt date acttulred): 

Bondfl (10 dUTerent growps>_„...1711,2(11157 

StDdka (43 different groups)'- _ . _S5S, 13£,4S 

Real estate and dTst-moFtgese notis^___130*206.14 

Ualnveated ciapltal-^_ _ __ ^ ^ 


¥i.ooo,ow*oo 


Totiil loreMments. other tMn Freer endowment 

Inrestment of Freer endowment (ooit or market 
Yalne nt date aeqnlred} : 

Bonds (36 dUferent graupa)_. 

Stocks (SO dltTerent ^rouiHy 


Real estate Brst^mortgagF notes_ 
DnlDTested capital_ 


1, 7GT,12T*OT 


__ 2,757,127*^7 


3^m30O.«l 
2,T70,Cm.S3 
4*000.00 
41.130.30 


- S,SS4,0ai.7S 


Total loveatments- 


3,021, mao 





































BEPOBT OF THE COMMITTEE 


m 


CASH BAIlANCES, EECEIPTSr AKD DISBURSEMENTS DURINQ 
FISCAI. YEAH 1 & 45 * 


flngh MlUnD^ on band Infte SO* -—-- |Tl&p SI4 43 

Receipts: 

Ciidlj locomo from Tartons scmraa for general 

work of the tnstllution^^------ fSa,39S.0l 

Caab glftis and contrSbuUona ei|iendable for 
apcelnl scieulidc objects (not foe In^tment)- T, 343,27 
Cnsli elftB tor fiiwclal ec^entifle work (to be in- 

Tcsted) - --- —-—- - - - - - —— —- 

Cs^ab lacome from endowments for epeclflc ase 
oUier tbao f*reer endowmeat md frora ndB- 
ceUaneous Bonrcea {InclndSiig refund of tem^ 

pontrF ad^necH )- -— — — —34T 

Cash capital froai Bale, call of secarltlea etc. 

(for iav^tment^--,,^ - --- - -- - 362,70k 33 

Totiil receipts other than Frcee endowiyent- —^— 322,790.^1 

Cttflb Income from Freer cndo-WJnent—^--^—— 2l2,5S2.6& 

Cnab capital from sale, caU of secwltlcs, etc. 

(for InTestm^t^. - — -— 1,425, r?2®. 25 

Total receipts from Freer enclowment^,^— -- — J,^S,O8L04 


Toua _-__—_ 2 m 192.43 


Diflburfiementa^ 

From tuii^ for general work of tbe Inetltntlou : 
Bulldiiiga—iTara. repairs, and alterallona^ 

Pur&ltnre and fixtures-— --- 

General admlnlstratloiu--- 

Llbniry_«_^--- —- 

Publications (comprising preparatioDi 

printliig and dlatrlbntionl —-—- 

Roseiirclies and eipioratlona—^ 


3.moo 

251. BQ 
23,721.62 

zmed 

20,mS4 
It, mu 


From fimda for specific use other than Freer 
endownient: 

Invealmctlts made from gtfta and froai sst- 

Ings on locome—----- 

Other eipendltufw^ consisting largely of 
rcaearch wort, travel, increase Rud care 
of (fpeclal coUwilona, etfc, from Income 
of endowment fouds* nnd frotn cisb glfta 
for specific use (Includlrig temporary 

advances^—^__— 

Belnvesttnent of cash capital from aale, call 

uf liecorJtle^ etc-——- 

Coirt of bandLlDg securities;, fee of Invest¬ 
ment counsel, and ucerned Interest on 
bonds pyretkased- - --- 


37,313,00 


121,47a 77 
&4a,8TLM 

8,721.55 


63,^. BS 


512,544, «8 


i Tblp rtatetnEht doel Bot tocludi GoTErraMt BpproprtMdoni under tb* idmlnlitrttlTe 
Ehirat <kf tb* inatltuiion. 
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Dtebnisemeutt!—Conttnu^. 

From Freer eDdoiniieDt; 

OiKratLDg ejKtieiLBisa a£ the gallerj^, salaries. 

Held expcDBes; ete^ --—___— $5S,013>4S 

PuTclLaBe of art otijectB^ _ _ __ _104+177-12 

Heinrratment of eafili capital from aa3o* 

call of secdrlttes, __ _- 1^300, €71. IS 

Coat of bandlln^ aecurltlea^ foa of Inveat- 
mtni eowsd, and actracd Interest on 

bonds parcliaced--^ ____ ^plT^.€S 

- SI. m, mi. 70 

Casb halooee Joae 30^ _ _____ ___T!50»218.0e 


Total- 2,OS0.102 43 

Included in tJie above receipts v?as cash received as roj^alties from 
sales of Smithsonian Scientific Scries to the amount of $26,5fi4^. 
This was diatrihitted as follows i 

^tuitbsonMD Ingtltntloa Eudownicnt Fuad__ ___ SllpSOO.STj 

Smltlisonlnn la^ltutlou Hia^rgeney FonL -—_ _ 2,050. 

SisllhjlonlHQ luBtltutlDii Unreiti-ictod Facidp Geaertil__^__8, S52. 

SKlartes ---- - -- 2, €.70. 50 


2fl,rie4,S0 

Included in the foregoing arc expenditures for researches in pure 
scieucef publications^ cxploratiousj care, increase^ and study of collec¬ 
tions^ etc,j as follows: 


EKpeodod from |^af>ra1 funds of tbo lustlhitloD: 

Publlcatloas ------ -$20^ 904.34 

fltid explore liimt - -IT, 307+14 

—-mssi.is 

KxpeodUiifes from funds doroted to specLEc 
purposes: 

neflOAretins and exploratlfins***_ 

Care* Laervese, sad stqd^ of special 

COltCCUCPMI _ _ _ - 

PiibllMitloM^,^, -- _ _. _ __ 

- 41,7bO.S4 


24, say. 07 

120 . ^ 
T,e51-S2 


±omi -- 8Cpll2.32 

The practice of depositing on time in local trust compani^ and 
banks such revenues as may be spared temporarily has been continued 
during the past year, and interest on these depomts has amounted to 
$46&,79p 

The Institution gratefully acknowledges gifts or bequests from 
the following! 

Amerfcan Miilnoological Uulon, toward imbUcatloa of blblLoaranhy apd short 
bloaraphlcul s^t^'rcll of Dr. W. H. DalL 
Mr. Conrad Chapenaup work on bamboo conectloos* 

0^ of Inter-Atterican Altiilro, for fOsesrcLw la onthropolon of Colouib:*. 
by Dr. Gregorio Bemandex 4e Alba. 
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MLsa Mary RatlilniD, mtunorlal fuml to RtcEiatd Rfltlibiin. 

VLktn;; F^mJt v^^tches uriiooff ttue [rOfitiois IndlaEi;^. 

All pftyinentB are made by cheeky signed the Seeretary of the 
lustitution on the Treasurer of the United States, and all revenues are 
depoated to the credit of the same oocouiit. In many inatances depMits 
are placed in bank for convenience of coilectson and later are with- 
drawn and deposited in the U. S. Treasury. 

The foregoing report relates only to the private funds of the 
Institution* 

The following annual appropriations were made by Congress for 
the Government burenus under the admimstrative charge of the Smith¬ 
sonian Institution for the fiscal year 1M5: 


^iDTlea DDd Erpeoscs— --- 

NatKotial ZLKuloglcal Parki C. —— 


___ __ . $1,2:^.000.00 

_ m 651.00 


CoopcniHori wlUi the Anierlcaa BennbUcs (traiiEf^r fr&w State 
Berartment)- —-— —— -- - - - 07t4A2. 00 

The report of the audit of the Smithsonian private funds is given 


below: 


RwPT-iii^¥s. 20^ 1^5. 


KwETjTn'x CoMMxmcE^ or KBat^irts^ 

Rnui ; PtjrBUJint to I we huv^f auUited the iicccuma of the SmUli- 

aonlae InstltutLoa for tlie fiscal y€ar endt-d Jane 3Q, 1B45. imd certify the balances 
of cash on hand, Lncludlna P^ity Cash Fnnilp Jnue aOn ta ^ $Tfl2;LiaO0. 

Wo havo irerJiied the records of receipts nnd dlsharseitienta mnlntfllncd bf the 
InaUlntton lind the oErcement of the boek hnlances with the bank haluuces^ 

We huTC MBniinqd ell the secnxliLes In ibe custody of tbe InsHhitloa and Ln the 
cuKtady of the banks and found them to agree with the bCKJk records. 

We have conipnred the atuted !t]c?<>hie of such jsccunties with the rt^dpts of 
records and fotind thcin in aEreeuaeiit thcroT^lih. 

We huTe eynmlned uU Touchera coverlof dl^burseineatA for account of the 
InstItutLon ilurliiE Uie flscol yeairuudctl June SO, HHSp together with the aathorlty 
therefor, and have compsircsi them with the lUBtttution'a recerd of eipondlmreji 
and foDud thnm to agree. 

Wu have examined and verified the accoantft of the losUtution with each 
trust fund. 

We found the boobs of aceount and records w^fli and accurately kept and the 
securities convenlcutly filed aod securely cared for. 

All iafomuitLoa requested by your auditor^ wna promptly and courteously 
fuTuiahetl 

We emifr the Sheet, Uj oaf opliiUift, correctl)- prereots Uic financial 

condlUoia or the Inatltutlon ns at June 30, 

Beepccifullr KOhnilcted. Wiliiah L, ’^fiUDia. 

Cerlifled Pabllo AoCMtaloaf. 

Hespectfully submitted. 

FazDEJtic A. Delaxo, 
Vaxnevab Bnsn, 
CnasEKCE Casxon, 
ExeetitivB Committee. 
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ADVERTISEMENT 


Tlic object of the GExm^L Appekdix to the Aniiuiil Report of the 
Smithsoniau Institution is to furnish brief accounts of scientific dis- 
cov’ery in particular directions; iiipoTts of investigatious made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that arc of interest or value to the numerous 
corresijondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Sinitlisoiuan Institution from a very early date to enrich the annunl 
report required of tlieni by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery^ as well as shoiring the general character of the operations 
of the InKtitution; and, during the greater part of its histoiy, this 
purpose has been curried out largely by the publication of such papers 
as would possess an interest to all attracted by aricntlfic progreES- 

In 1880, induced in part by the discontinuance of an annual sum¬ 
mary of progress which for 30 years previously had been iasurf by 
Well-known private publishing firms, the Secretary bad a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
atilhropolo^'. This latter plan was continued, though not altogether 
^^atlsfacto^ily, down to and includi ngthoyearlSSS. 

In the report for 1889 a retam was nmdo to tlie earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a coDsiderable range of scientific investigation and discus- 
sioiL Tine method has been continued in the present report for 1945. 
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OUH KEVOLVING ‘‘ISLAND UNlVKHSE” AND ITS 
SPIRALING COUNTERPARTS^ 


By WiujAit T. SBJUJSfa 

i>«/«fPr t>( AHrun^v, rctlrei. Sen Dicfa Slate CaJleee, Ban Oiega, Oalif, 


['vriui 3 putH] 

Our earth is an infiiutesimal part of a great TfhirlpooS of stars ctiJleii 
tins galaxy, or Milky Way* Not only uie the snii, moon, and pilots 
of tlie solar system niovmg as a very small uitit that drifts with tha 
rotation of the galaxy, but all the visible coiisleliafcions of the sky ore 
so close to us ihat iliey, too, are our felloiv travelers in one snmll part 
of this cosmic eddy. Only recently has the tremendous Yclocity of 
our galactic rotation been measured and found to be 170 miles a second, 
in tho direction of the constellation Cj'gnus. 

Un account of the smoothness of our tnivcJ and the freedom from 
any sharp turns in our counjc we do not feel this motion any more than 
we do the lesser speed of the revolution of Uie earth about the sun at a 
mere miles a second. It is not the motion but abrupt changes in 
motion that we feel when riding in an automobile or train, and the 
earth makes no such changes in speed. The curve that the earth fol¬ 
lows in its motion about the sun, 03^0® “ gradual 

that in each second the earth departs only one-nitith of an mch from 
a straight line wliile going forward 18^ miles. Only by observing 
other moving bodies and the so-called iixed stars ars w e able to meas 
ure or even perceive our annual motion, and it ia little wonder that 
ustronoinci's have been slow in observing the vaster sweep of the who^ 
solar system and its relatively near neighbors around a center that is 

2 bilUo}) times as far away us tlie sun. 

Scon after the bn^guinitig of this century tbe great Dutch astronomer 
Ivapteyn^ a$ a result of his studies in bis native HollnndTi announce 
the discovery of two strciuns^' (lowing In particular directions^ 
It lias long been known tiiat stars have some motion with r^pect to 
one unotbern But tliia previously known star molioti, including thot 
of the sun^ wiis looked upon as bcdiig wholly at random. Kapteyn 

1 a«prlntf4 b7 frum lit Stlrtllilt WijIL 3. FrtrMTT IWH. 

eTflSts—ia—* 
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was tbe first to show any systCKiatie drifts of great numbers of stars 
in any particular direction. 

Gustaf Strom berg, at the Mount Wilson Observatorj^ examined the 
motions of rarious classes of stars and uacovered some surprising 
facts. His analysis of the motions of certain stars that the spectro¬ 
scope showed to have very high velocitits, 50 miles a second and up^ 
proved that their directions are by no means at random* They seem 
to be leaving a particular part of the sky b^anse the sun and Sts 
planets are moving toward that region. 

The most rapidly moving starsj Stromberg found, are those far^dis- 
tant groups, each consisting of many thotisanda of closely associated 
stars, which are called globular clusters^ There are about a hundred 
of these clusters. 

Thus, these and other men were finding beads of knowledge that 
eveintually had to be strung together to show their relationship. The 
first to do this was BertU Lindhlad, of the Swedish observatory at 
Stockliohn. He explained the apparent motion of high-velocity stars 
by fitting them into a theory of galactic rotation. He showed that if 
we assume the whole Milky Way system of stars to be revolving, then 
what otherwise appear to be peculiar and unaccountable motions of 
stars become natural consequences of that rcvolutiooi He likened our 
system of a billion or more stars to the spiral nebulae that can be seen 
far beyond the limits of the Sitlky Way and suggested that each of 
these nebulae is itself a distant island galaxy, seen as a blur of light 
becau^ we are unable to distinguish any but the brightest individuals 
among its millions or biliioms of component stars. 

LlndblatVs suggestion was not new^ but he was the first to fonn a 
complete theory. As far back os the time of Sir William Herschel our 
system of stars was being likened to the spiral nebulae, Herschel, with 
the largo tfilesoope that his patron George HI had enabled him to 
build, could see many hazy patches of light that he shrewdly gue^d 
might be star systems. Tlie name island universes,^ applied to these 
suppositional galaxies, became common at that time. 

HerschcFs tele^pea were not powerful enough to resolve these 
nebuloufl objecta into separate stars, but he predicted that all such 
clouds might one day be shown to consist of stars. With his largest 
telescope he had already proved that some objects which hig smaller 
ixistniments showed only as glowing spots were really star 
Whet could be more natuntl than that with means more abundant, 
even, than those supplied by King George, telescopes might be made 
that would break up into stars even the most distant spots on the sky t 

This very reasonable guess of HerBchePs has since been found to bo 
p^ly at fault, for Uie spectroscope, of more modem times, shows in¬ 
disputably that some of the nebulae are gaseous and that aome are 
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made of gas and dust clouds mixed- But botli the apectroscapa and 
the modem teleaoope give eTidento that many others are, os Herscbel 
suspected, composed of stars- In addition, more recent knowledge of 
their distances shows that gaseous nebulae or those composed or il- 
laminated dust clouds are witbin oiir own stellar aystera whereas those 
that arc composed of atars are outside of that system. Hubble calls 
them ‘*eitragalactie nebulae’^ to distinguish them from true nebulae. 
Shupley, of the Hanfurd College Observatory, calls them dmply “gal¬ 
axies.” This word indicates their likenesa to the stellar ^stem but 
docs not distinguish tlrem from it as the prefix ‘tstra" does. 

The name by which these outside galaxies are popularly known is 
“spiral nebulae.” Both parts of this name are in error for some do 
not have the spiral form and none of them are mere clouds, which 
“ncbnlao” implies. NeverthelcsB, a spiral form is tlie moat striking 
characteristic of those that do possess it. The name “island universes," 
pretty well suggests their nature, but it violates the usual meaning of 
the word “universe.” Thus all names of these outside star systama seem 
to be open to criticism. 

But what evidence evist-s to support Lindblad’s theory that our 
galaxy is one of these spiral nebulae! First, there is the evidence de- 
duced from their dUtances. 

The spiral nebulae lie at such great distances that the surveyor's 
parallax method used for nearer stars fails utterly to give any idea 
of their location. However, their distances had to be known, at least 
approximately, before it could be definitely decided whether they are 
separate systenifi beyond our stars or only outlying parts of our galaxy. 
Happily an exceedingly powerful indirect means of measurement was 
discovered by which Hubble, of the Mount Wilson Observatory, learned 
that the distance to a spiral in the constellation Tri^gulum is about 
three-quarters of a million light years. Another still more eotispic- 
uous one in Andromeda was found to be at practically the same 
distance 

The method employed by Hubble makes use of a certain kind of star 
known as a Cepheid variable, a number of which had been discovered 
in the spirals. These stars are exceptionally bright intrinsically and 
can be seen at a great distance. As far away as these variable st^ 
can be clearly seen their distances can be calculated, for their period 
of change from maximum brightness to maximum again is a key to 
their real brightness, and this, in turn, is a key to then* distance. 

A curve can bo drawn (from table 1, for example) showing the 
relation between period and brightness, and from tbe curve the actual 
liuninoeity of a star of any period can he found. Tlien by simply com¬ 
paring this real brightness with the brightness that the star seems to 
have, as measured with a photometer, the star's distanoo con be found. 
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(If there is obscuring tUHtter bet’ween ua and the star its dimming ef ect 
must ht found and allowed for before the comparison of real and ap¬ 
parent brightness is made.) 


TAai-£ 1,—BWffAifWM of Cephtid vartabhs nf different period* 


PcHod In day^: 



10_. . 

40_,_ 


itmn m 

_ 3 S 0 

.... E50 
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. 2. 500 


The two DGtiFest oi the spiral nebulae were in Hue way found to be 
so distant »s to be well separated from the outennost stare of our 
gaiasy. The estimated distance from side to side of the Milky IrVay 
system is about 100.000 light years. Seven or eight such ^*»tcni3 
could he laid side by side in empty space between our stiirs ond tliose 
of the great nebula in Andromeda, one of our two nearest neighbors, 
before the gap would be bridged. 

A Eccond point of similarity between our galaxy and the spiral 
nebulae is size. The sizes of ext mgalactlo nebulae, as found from 
their ntigular diameters and distances, approach nearly enough the 
size of the stellar system to warrant their being classed with it rather 
than with even the largest of our own star clusters or star clouds, such 
as are seen along the Milky Way. 

Third, tlie similarity of our star system and the spiral nebulae is 
shown in the flattened shape of each (plttte 1). Uerschd, with un¬ 
limited patience, counted stars in all directions and found that the 
stellar system is “sliaped like a grindstone,” to use his own compari¬ 
son. More recent counts amplify Herschcl’s discovery by showing 
that the sun and tlie solar system are not centrally eiluated in our 
galaxy. To the naked eye or with a small telescope there seem to be 
about as many stars in one direction as in another In the plane of the 
Milky' Way, but with a telescope that will penetrate to greater depths 
many more stars can be seen in the direction of Sagittarius than in 
that of Auriga. The reason is that we are far out from the center in 
Sagittarius toward the “anticenter” (the point opposite tlie center) 
near Auriga. Measurements of a different kind place us about two- 
thirds of the way from the center of (he ciromnference. But still we 
are nearly in the plane of the Milky Way. 

Finally, the motion of our galaxy is similar to the motion of the 
spiral nebulae. It is now definitely known that the spirals are rotat¬ 
ing. For this belief is there not strong presumptive evidence in the 
appearance of the spiral nebulae 1 There seems little doubt that they 
have acquired their flattened pin wheel appearauoe (plate S) from 
rotation about a center, for a group of stars would in lime collapse to 
their oommon center if it were not for the centrifugal effect of motion 
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that counterbalances the inward pull of gi'avitntioti. If tins appear¬ 
ance were not sufficient proof of the rotation of the spimls, ^lere are 
spectroscopic obsei-vatiouB to slrow it, V, il. Sliplier, at tlio Fla^tafF 
ObservBtory^ and moi^ F«ceiitly Dr. Hubble, at the Mount W il^u 
Observatory, have used the spectroscope upon uebulae in much the 
Bfl mA TCiiy it is used in measuring the velocity of rotation of a planet. 
Using spiral nebulae that do not have their flat side directly towai^ 
us, the slit of the instrunient was set as nearly m could be upon the 
■.-quator of the spiral, pcrpemikular to tlie asis of rotation. Ihe 
resulting st>ectral lines slant because of the approach of one side of 
the light source and the recession of the other side, Slipher an 
Hubble agree that tliere is motion in the direction wc should expect; 
most of the material of the nebula is at the more condensed central 
part, and as this turns, the two arms projecting from its opposite sides 
ate left trailing behind. 

At OUT great distance from the spirals the angular motion is too slow 
to be observed with certainty on direct phutograplrs of the nebulae, 
oven with pictures taken several years apart. Perhaps photographs 
of the nest century when compared with those taken by this genera¬ 
tion of astronomers may show changes in the position of stars of these 
galaxies. 

There can be no question as to tlio rotation of spinil nebulae; what, 
then, is the evidence that our system of stars k like them ? Some of 
the eitragalactic nebulae that are not spiral show no sign of motion. 
If our galaxy turns, how would the motion of its stars bo observed to 
show whether or not they are revolving about a common center? 
Lindblud was unable to wake any direct measurement of our galactic 
rotation. The position of the earth within the galaxy k an onfavor- 
ahle one for ohservatiou of its rotation. So Hindblad’s approach to 
the problem was to explain, insofar as possible, all observcil motions of 
the stars of the gahixy (as they appeivr to move with raferenoe to our 
sun) in terms of a great rotation, 

Lindbittd interpreted the apparent molten of tbc 50-called bigli- 
velocity sta^ ns being caused by our more rapid rate os ^ c and they 
revolvej all in the same direction, around the center of the stellar 
system. These slow ‘^high-velocity stars’” seem to be headed backward 
with respect to the true direction of all the starsw They seem rapid 
because they lag behind so rapidly. 

But why would not stars equally distant fraui the center of the 
galaxy all move equally fast? For comparison^ it ifi well known that 
a comet travels very slowly while going ai'ouwd the end of its long 
ellipttc&l orbit that is farthest from tlie sun* Then it gains great 
speed through years spent in falling doser. Hal ley comet, for 
example, went about &5 times as fast in 1010, when it was making the 
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quick swing aroimd its ‘^perilielion,” ss it is moving now, during tha 
1940 and 1950 decades, when it is out beyond the orbit of Neptunei. 
As the comet fads back toward the sun it will regain its speed. Even 
the eartli, which has an orbit nearly bnt not quite circular, goes faster 
in December than in June because it is then 3 percent nearer the 
central sun. It is partly due to this greater velocity of the earth that 
winters in the Nortliem Hemisphere are a week shorter than sum¬ 
mers. If their orbits were ciactly cireular around the eun, ail bodies 
at equal distances from it would go at the same velocity, whether they 
were planets, comets, baseballs, orgrainsofsand. Stars would behave 
in the same way in going around their attracting center. 

In the great rotation of our gnlaay most star orbits around the 
common center are nearly circular, and therefore any tw'o stars fairly 
close together, say within a hundred light-yeaira of each other, move 
at nearly the same velocity. The sun is a typical star and has a nearly 
circular orbit, Tiie difference between the velocitv the buh actually 
has and what it would have if its orbit were eiactly circular is found 
by comparing its motion with the average for all stars in its vicinity. 
Tills variation from the average velocity is called solar motion. It is 
ISmilcsasecondjaswas found by several observers. Thevariationof 
the rate of any star from the velocity it would have if its orbit were 
circular can be similarly found. These variations in the velocities of 
stars caused by differences in the shapes of their orbits are often spoken 
of AS their “pecnliar motions,” to distinguish them from the variatlonB 
m velocities caused by differences in diatance from the center of the 
galaiy. 

Although an occasional star U found to have a velocity with resiiect 
to the sun greater than BO miles a second, it is never going in the 
direction of the sun's revolution around the galactic center. It is 
always a slow star that we are overtaking. No stars have been found 
that run as much faster than the snn os some of them run slower. 
The reason is that they wmuld be thrown out of tile galasy by centrif¬ 
ugal effect if lliey did. Neighboring stars can go a little faster than 
the Sun, biit^they cannot go much faster. If a star should pass us 
with a velocity as much as 30 or 40 mileK s second greater than that 
of ths Euin, we could bid it farewell, for such a motion would cairy 

it out of tbft stellar system beyond tbs gravitational control of the 

stars. 


In this way the puzzling stream of “high-speed stars” was ei- 
plained by Lindblad in simple terms of gravitation. They are really 
low-velocity stars at the slow end of ecoentric orbits, and we, and 
^er stars of fairly trniform speed, are overtaking aud passing them. 
^ aar. will in time fali in toward the eenter, n,g.ining 

speed, but now they are Isg^ng badly behind. 


OTTB revolving '1SLANT> UTf iVEBSE"—SKILLlNQ 131 

And the extreme high speed of globular clusters of stare, as much 
as 170 miles a second, simply means that these clusters are not part 
of our galaxy at all, or at least do not rotate with it, and the observed 
velocity is really our own speed of travel with the galaxy as we go 
rapidly past the stationary clustersL 
Soon after Lindhlad’a explanation of “high-velocity" stars and other 
phenouiena of stehar motion, a Dutch astronomer, Oort, developed 
a direct method of studying the rotation of the galaxy hy using the 
velocities of many stars at known distances from uSi He worked out 
a comparatively simple means of using such measurements to learn 



Fidtse L—iDtTD^IacUc vfilocltlea, abowlrs rclatlTe Telocltlw ol 9BB tS> anit 
BtBta aronia] He gnlacUe eentw. Saart arrows represent compoDoutB of 
motloD of EtBfB toward or freun tie Bna, as oJiown by the otiirj' Epectra. 

a gTeat deal about the stellar jsystem and our position in it. His plan 
of procedure has been used since then by a number of astronomer^ 
who have applied it to various classes of stars. Notwithstmiding the 
great difficulty of making the retjulred measurements the different 
workers have arrived at very eunilar results. 

Oort's plan la based on the fact that revolving bodies controlled 
by a central attractive force move at unequal speeds depending on 
differences in distances from the center (fig. i)- The different veloci¬ 
ties of planets revolving around the sun illustrate this, Pluto, the 
outermost planet known, travels at 3 miles a second; Jupiter, nearer 
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the sun, at 8.1 miles; the earth at 13.5; and Mercury, nearest the sun, 
has an arerage speed nf nearly 30 miles a second. 

Our solar system of eun and planets has practically all its mass 
at the center; 90% percent of it resides in the sun, only one-seventh 
of 1 percent in the platicts. Being so constituted, the mte of niotion 
of n planet at any knovrn distance from the center is very simply 
calculated by means of Kepler’s great discovery of more thun 300 
years ago, his law of ^harmonic motion.^’ 

The rate of motion (and the period) of a star at any given dis¬ 
tance from the center of the stellar system is not so easily found, 
for the mass of the system is more widely distributed. There is 
no great central star dominating all else, If the distribution of 
material in the stellar system were quite uniform throughout, with 
no concentration of stars toward the center, the wdioie dattened 
Milky Way system would rotate as a wlieel, and we could detect no 
motion at all unless we could observe some outside landmarks, such 
as extragalactic nebulae, that do not revolve with the stars. 

Actually, however, the stars of our galaxy are sufficiently con¬ 
centrated near its center to give measurably different stellar veloci¬ 
ties. Yet the galaxy is so large and the difference of velocity as 
seen from the earth so snmtl that our greatest tel^copes are needed 
to observe the relative motion; even with the largest telescopes wo 
cannot observe individual stars of our system as far away as the 
center of the galaxy, and only with difficulty can star velocities be 
measured as far as one-fourth the distance to the galactic center. 
Since Oort’s method of detecting and computing the rotation of the 
stellar system depended upon measuring their relative motion, his 
work had to be based upon observations of the most distant observ¬ 
able stars. But even th^ are relatively close in terms of the dimen- 
sions of the galactic wbirtpool. 

Bei.'aiise the closest stars tlirat can be used in obtaining data for 
Oort’s method had to be more than 1,000 light-years distant from us, 
Plaskett and Pearce of tlie Dominion Cfteervatory, Victoria, B. C.. 
worked with those very hot and white giants of classes O and B, 
Bigel, lying at the foot of Orion, is one of these and is one of our 
brightest-appearing stars, but being only about fiOO ligbt-yeara away 
is too close to be used in Oort’s method. However, stars of this type 
can easily be seen at much greater disUncts with such a telescope 
as the one at Victoria, 

Others have used those reddest of ell stars, the N type, which aver¬ 
age several hundred times the brightness of the sun, The so-called 
planetary nebulae are stars surrounded by gas, which makes them ei- 
«ptionnlly luminous. The peculiar, brilliant gas, supposed to have 

eeu thrown out by some violent explosion long ago, can be seen at 
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astooishiiig distances. But in some respects the best stare of all to 
show rotation of the galaiy are the Cepheid vat iulles, tlie stare that 
gave distances to tlie spiral nebulae as mentioned above. Joy^ at the 
Mount Wilson Observatory, has studied about 150 of these, dis* 
tributed mainly along the Milky Way. The results thus obtained 
are very dependable because of the unusually reliable^ manner, ex¬ 
plained above, in wliicb tlieir distances cau be detennined. 

Motions of these stare could theoretically be meosurecl in two ways: 
by getting the angular distance they travel across the sky in a cer¬ 
tain length of time—their “cross motion”—or by finding the speed 
in miles a second by which they come closer to as or move farther 
—^“radial motion” or “motion in the line of sight,*' The spectro¬ 
scope will measure this line-of-sight speed. The lines of the spectrum 
of an approaching or receding star are sliifted a little toward the blue 
or the red end of the spectiiim as a result of the motion. This is 
often called the Doppler shift The greater the speed of tlio star 
the greater tlie shift. 

Crcjss motion is not useful in studying galactic rotation, as many 
years must elapse between the taking of two photo^aphs of the 
stars to eliow any appreciable change in their positions. But the 
spectrum of a star can be photographed in a few minutes (or hours, 
depending on its dimness) and the star's radial velocity is found 
immediately. 

The general principle of Oort’s method may be readily understood 
by coimderiiig the solar system. A planet, such as Venus, when 
nearest the earth and directly between us and the sun has cross 
motion because it goes faster than the earth, but it baa no radial 
motion tliat would bo indicated by the spectroscope because it is keep¬ 
ing parallel to the earth’s orbit and so is not changing its distance 
from the earth. Likewise Mars when nearest the earth on Uie opposite 
side from the sun is not changing its radial distance, although it has 
cross motion because it moves slower than the earth. 

If we assume another planet a little in advance of the earth, or 
behind it. In the same orbit, the hypothetical planet would show 
no radial motion. The spectroscope would show it as a stationary 
object. But in all other directions except these four—toward the 
center, away from the center, straight ahead, or straight behind— 
planets would ap[>ear to bo coming closer to us or getting farther 
away from us, and the spectroscope could measure thia speed of 
approach or recession. 

So it is with the stars. Those dirtictly ahead of us or behind us 
in our revolution about a common galactic center, and those toward 
tlie center and away from the center, show no motion in the line 
of eight to be measured by the spectroscope. (This would be true 
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except for the specinl motions slrendy mentioned, usually slight, 
for which correction can be made.) All other stars-^ill that are not 
in these four directions—both those farther from the center of tlie 
s^'stem tlian we aine and those closer to it, hare more or less apparent 
motion in the line of sight. Those haring the greatest motion are 
the stars halfway between the points of no motion. Therefore, at 
45“ along the Milky Way to each side of the center of the stellar 
system and at 45“ each side of the anticenter masimum radial motion 
is indicated by the spectroscope. 

Hence, spectroscopic measurements of radial velocities of stars along 
the iiilky Way will show where the center 13 , around which the stars 
revolve^ It must be at one of the points of stcro radial velocity, and 
halfway between two points of maximum velocity. It is found to be 
in the Milky Way m the direction of the great star clouds of Sagit¬ 
tarius and Scorpio. The anticenter (180“ from the center) is in the 
Milky Way where the constellations of Taurus, Auriga, and Gemini 
meet. A third point of interest is the one toward which the solar sys¬ 
tem is moving. It is in the Milky Way also, and naturally is at right 
angles to the line leading to the center. It is located in Cygnus, near 
the star Dench. 


The distance to the center, as well as the direction to it, can be found 
from the star velocities given by the spectroscope. The principle upwn 
which this is done may be briefly stated. A star at the same distance 
as the sun from their common center of revolution would, if fairly 
near the sun, be almost in the tangent to the sun’s orbit (that is, 90“ 
from their common center). But if the star is 6 or 8 thousand Hght- 
years ahead of the sun, it would have turned in toward the center 
Eevera! degrees from the tangent at the aun. At 1,000 light-years 
distance it would be seen about 1* off the tangent, or 89“ from the 
center instead of 90“. Ceplieid variables were measured out to a dis¬ 
tance of afeut 8,000 light-years from the sun. The direction to a star 
at that distance with no radial motion is not quite the same as the 
direction to a closer star with no radial motion. There is a measurable 
angle which gives tlio curvature of the sun’s orbit, (See fig, 1) 
Joys result with Cepheids and the resulte of othcis using different 
clas^ of stars agree very well in giving about 83,000 light-years as 
the distance of the solar system from the galactic renter in Sagittarius 

estimated at about 

1W,000 light-years; hence our place in the system is about two-thirds 
of the way out from the center toward the edge of the Milkv Wav 

“ - 
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The result actually eiven by the star’s spectrum is the component 
of velocity directed toward or away from the observer. (See fig-1-) 
Tlie maiimum value of this line-of-sight velocity is called Oort’s oon- 
stattt because it figures so prominently in the method devised by ^rt 
for studying galactic rotation. It is a constant quantity for any given 
diffcjence in distance to sUra along the Milky Way: for each additional 
1,000 light-years in any of tho four directions of maximum radial mo¬ 
tion, the radial motion increases about 3V4 miles a second. Thus, for 
a star at 8,000 iiglit-years from us the spectroscope should shovr a 
velocity of about 28 miles a second. Using the vi'eU-known laws of 
gravitation, tins value can be related to the speed of rotation of the 
gulasy. Oort worked out an equation in whicii his “constant” would 
be one of the known terms, the distance to the center another know"n 
letii), and the velocity of the sun the unknown term to be found. 

Based upon the above principles various observers have arrived at 
somewhere near 170 miles a second as the velocity of the sun and its 
planets in their revolution around the center. Most of the stars that 
ajB near enough to bo visible to the naked eye move at about the same 
speed, and that is why a great telescope is needed to study the revolu¬ 
tion of die galaxy. 

Knowing the velocity of the sun and its distance from the c3Cnter 
it is a mere matter of arithmetic to find Its period of revolutbn around 
the center. The radius of the orbit is 33,000 light-years, each light- 
year being nearly 6 trillion miles. The period found proves to be in 
the neighborhood of 200 million yeat^ 

Geologists place the age of the earth at around 2,000 million yeara, 
basing their estimate on the chemical analysis of rocka containing the 
radioactive element uranium and a peculiar kind of lead into which 
it very slowly changes at a known rate. The relative amounts of the 
two metals diow when the rock was formed. From these figures it 
would seem that the sun and earth have had time for only about 10 
revolutions around the distant center of the stellar system since the 
earth was formed and solidified. 

Slow and difficult as it has lieen to work out and prove this theory 
of galactic rotation, the theory simplifies astronomy by relating to one 
another various puzzling facta about motion tiiat ore hard to under¬ 
stand one by one. Such matters as “star streaming,” “asymmetry of 
motion,” and “high- and low-velocity stars,” are more easily explained 
together than separately. In this respect the rotation theory has, in a 
measure, paralleled the heliocentric theory of the solar system by 
which Copernicus explained such riddles as “retrograde motion” of 
planets. 
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MEDICAI. USES OF THE CYCLOTRON ^ 


Br G, SPEiR, M, A., IL O,. D. il- R E, 

fifrvnfrcmiV* * Rcwn'Tfft /jffJOTOlortf, Enj^Faiid 

Ifran^er Bcffliff/rc Staff, iledieal Retfarelt Council 


IWlUl 4 plaf«l 

The itittk of transmutfitlpn swms to have arl^ii aiuoiig the 
Alexandrijuri Greeks in the eitrly centiiriea of our and to have been 
transmitted to western Europe by the Arabs. The alchemy of the 
Mitldle Ages was somethuig more than the pretended ait of turning 
base metals into gold by the philosopher’s stone: it tvfts a phase in the 
development cf systematic chemistry. In the abcteenth century 
Paracelsus gave it a new direction by declaring that its true object was 
not tlic tnaking of gold but the preparation of medicines, and this led 
to iucrcftsing attention being paid to the invesitigation of the proper- 
ti® of subgtfinces and of their effects on tlie hmnan body (l)> 

It was notj howeveri until 18&0 that the dream of the alchemists was 
realized with the discovery of the “natural” radioactivity of uranium 
by Becqucrel (3), when the first genuine transmutation was recognized. 
Within two years Madame Curie discownetl i-adiumj with a radioac¬ 
tivity (in the pure state) $everal million tinieii that of uranium (3)+ 
This ^*gave an impetus to the systematic chemical examination of ura¬ 
nium minerals and soon led to tha detection of several new radioactive 
bodies-' (4). Almost as soon as tlicy were discovered their effects on 
the human body were studied^ and the consequence to physics^ medb 
cine, and later to industry of the discovery of radioactivity ha3 been 
immense^ but the distribution of the Tadioaclive material has been 
much influenced by international conditions during the (nearly) 50 
years since radium was discovered. Half the world’s mipply of nidluni 
at tlio time of the last war \vas taken by industry, and its value rose 
to 100,000 times that of gold (5)* This philosopher’s stone^ pivscnted 

on H papEF rf*El on April lft44, iHtcm the MliHflivd ntnacb at tbe Ihitituti^ 
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to thd world for nothing by the Cu^ties (0), was now sailing at a reiy 
high price* 

But i^way from the distractions of the world of industry the first 
successful ^'artificials disintegration of ordinary cheniicsLl elements 
was made by Rutherford in 1919 nt Cambridge by passing alpha par¬ 
ticles through nitrogen which produced scintiUation^on a screen when 
the absorbing matter present was greater than that which corresponded 
to the ordinary range of alpha particles (4). Eutlierford concluded 
that tile scmtilLations were due to particles ejected with great speed 
from tlje nitrogen nucleus by impact of an alpha particle, and sug¬ 
gested that these partidea were hydrogen nuclei or protons* Eiddenco 
of the capture of an alpha particle by the nucleus of the nitrogen atom 
waa obtained by Blackett (7) a few years later by photographing al¬ 
pha-ray tracks in a Wilson expansion chamber* In 1934, Joliet and 
Curie (daughter of Madiime Curie) gave the first chemical proof of 
artificial transmutation and of the capture of the alpha particle (8) * 

The alpha particle^ with its two positive charges^ has twice the 
potential barrier to surmount in order to penetrate an atomic nucleus 
as a single charged particle, and consequently search was made for a 
means of accelerating hydrogen nuclei or protons carrying a single 
poativc cbargtu Most investigators used high voltages for Ihe pur¬ 
pose, but among those interested in tlio subject was E* O, Lawrencej 
bom a yeare after the discovej^ of mdium^ who saw a paper by the 
German physicist, W1 deroe, describing a method for cnergiiing ionized 
particles by hollow cylindrical electrodes in n tandem pair, each elec¬ 
trode being connected to the leg of an oscillating high-frequency cir¬ 
cuit Lawrence conceived the idea of raising the efficiency of die 
system* without increasing the length of the apparatus to unmanage¬ 
able proportions, by giving die particles a circular moticn by employ¬ 
ing a powerful magnetic field witldn which a hollow electrode was 
fixed * A design for ^a magnetic resonance accelerator for ions*^ was 
made, and a model of the apparatus tried out* It worked, and was 
given the nickname of ^^cyclgtron” (9). With a linear aocelemtor and 
ati oscillating current of 40 kv^, 30 tandem electrodes would be required 
to achieve an ion energy of 1.2 mev.; 150 revolutions in tlie cyclotron 
with an oscillating current of only 4 kv., however, produces ions of 
equal energ3' (10) . Tlio result has Ijeen a succession of cyclotrons (see 
table 1) built at the University of California, Berkeley, by a team 
which were said to know the meaning of a regulated existence 
as day and night the work went (10)- 
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Each appat^tus iraa bigger than Its predecesac^r and capable of 
p roducing greater quantities of radionctl'?a material ( pL 1 j fig, 1 ) ^ to 1 
day (1940) as much radio sodium* as measured by gamma-my activity, 

could be made as ifoald oorrespond with 100 mg, of radium. For an 
initial cost of somo £10,000 (prewar of course) and with annual run¬ 
ning costs of, say, ^,000, a cyclotron could yield energies of 8 million 
electron-volts or the energy equivalent of gamma radiation from 
100,000 g. of radium (11). But while the cost was trivial compared 
with that of radium, the size of the apparatus was becoming consid¬ 
erable and much additional space was required for (he devices neces¬ 
sary to protect those who came near the machine at Vork. When one 
loots at a cloud-chamber photograph (pL, 1, fig. 2) “and realizes that 
it represents the ionization which occurs in a layer of one’s body 
about a thousandth of an inch thick every one-hundredth of a second, 
the amount of ionization present in the body of anyone standing near 
the cyclotron becomes impeessive” (12). Stage by stage the technical 
diMcuIties of these huge machines were surmounted, and the scientific 
investigations begun. A study of the properties of artificial radio- 
active substances ia now proceeding apace, and alongside this, work 
has begun on their effects on the human body.* This paper is con¬ 
cerned with the constructive applications of the new disco very to 
medicine and the way in which the cyclotron can be used in “the 
preparation of medicines.” 

Not long before the United States entered the war, the designer of 
the cyclotron was described to an American audience in these words: 
“liawrence and his collaborators are providing medicine, biology, and 
physics with agents that should revolutionize our knowledge of the 
structure of the world and everything that lives in it” (13). The 
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harnessing of atomic energy resolting from the artiiicinl disintegra- 
tion or transniiitatioji of elements could indeed transform the world 
in a manner beyond the dreams of the old akUemists, Against the 
background of world war and the sinister possibilities that can be con* 
jured up, it is to be hoped tlvat the future results of “atom smashing” 
will not merely destructive but rather for greater social integration 
and the mcreased welfare of mankind (14), 

the cyclotron as a medical imsteumest 

The phvsics of the cyclotron have been described iu other pupei's 
in this Journal and clsowUexe (9, 15}, It was first designed for use 
in the domain of atomic physics, but it has provided medicine and 
biology with two new tools for research, viz, a beam of very pene¬ 
trating uncharged particles or neutrons* and an array of artifi¬ 
cially radioactive subslanccs which can bo used in two flifferent 
ways. They can be administered in quantities so small that their 
jnvscnce cun Iv dptect*»d only by senaitive phjBUal apparatus, and 
in this high dilution no biological effects of the substance can be 
observed with the means at present nvaUaUe. The progress of the 
radioactive atom through the organs of plant, auunal, or man can, 
however, be followed by physical detectors, and yields information 
otherwise unoUtatnable. Ulustratlons of the use of these “tagged 
atoms” or trncers in biological and clinical research will bo given 

later. _ 

In larger quantity, radioactive Eubstances can be administered so 
that the radiation they emit is used in some localisted region of 
the bodv to produce definite biological changes—usually destructive 
ones such as the elimination of unwanted cells. The problem in this 
is to lecaliac the radioactive substance in the particular region 
required. This is not alwn^ so diflScnlt as it might seem at first 
sight Selective absorption of certain substances in particular 
organs has been familiar for a long time. And since virtually all 
the known elements can now bo made artificially radioactive, it is 
possible to select the moat suitable clement for the purpose required 
and then proceed to make a radioactive compoimd in the composi¬ 
tion of which it is included, Tlie length of life of the artificial 
product is the limiting factor end that cannot be predetermined. 
Tliis therapeutic administraton of radioactive substances is a more 
difficult field of research than metabolic studies with tracer sub¬ 
stances, und progress must of necessity be slower and less spectaciilar. 
But already it is possible in certain inslances (see later) to achieve 
AS much by the iutemal administration of a radioactive element in 


tt tklw QtQit taut tiot, ctiurtc, the cra.tj menoA hv ntbUib nentrcitLi 

mn bfl produced. 



MEDICAL USES OF THE CTCLOTROJ^—SFEAE 


141 


the patient^ own home as could previously be dona by a series of 
exposures to X-radiation which ia a much more esbausting experi¬ 
ence for the patient end requires either in-patient aeconimodation 
or at least frequent visits to the clinic or hospital RadioactiTe 
elements prepared by the Berkeley cyclotron are distributed (usually 
by airplune) to various parts of Amerita for use in hospitak and 
laboratories. In 1942 there were 13 cyclotrotis in the United States 
and 0 planned or in building. There were 10 in other countries^ 
including 3 in England. 

The neutron beam provided by the cyclotron is thousands of times 
more powerful than any other raetliod at present can furnislL Neu¬ 
trons ionize in a different manner from that of gamma- or X-raySj 
and, since ionization and biological action are linked, the biological 
action of neutrons on normal and diseased tissues constitutes a new 
and w ido field of research* 

These three usi^ of the cyclotron in biological research will now be 
considered m greater detail* 

TAOGED ATOMS IN TRACED SUBSTANCES 

Radioactive or tagged atoms are used to enable the mvestigator 
to see where the rest of his material is going—in just the same man¬ 
ner as tracer bullets are used in anthdreraft or other gunfire (16)* 

The method was used first by Hevesy (17) lu 1&23 when he em¬ 
ployed radium D os a tracer for it^ isotope lead, and later radium 
E for bismuth in his studies on plant metabolism. These sobstauces 
are not, however^ those normally used by plant^^ and were admittedly 
foreign ^bstances introduced into the plantk economy for experi¬ 
mental purposes. The great advantage of the artificialiy produced 
radioactivity is that substances can be selected which are natural to 
the piantk metaboUstu. One radioactive atom in a million is sufficient 
for the progress of the substiinca to be followed with extreme ac¬ 
curacy by physical detectors and at this dilution no biological effects 
of the radioactivity can be detected- By “tagging^ atoms of a sub¬ 
stance natural to the plant or animal under observation it ia possible 
to discriminate between the added compound and similar compounds 
already present in tlie system* This ia a conspicuous advantage over 
orriinury methods of chemical and bioclicinicEU analysis where added 
substances are iudistinguiehablB from those already present. 

It is pf>s$ible to make mdioactive isotopes of all the stable de¬ 
ments, and Uiese isotopes behave identically with the commonly ob¬ 
tained element both cherukally and physiologically- The two differ 
only in the fact that the artificial product is physically detectable 
fay its radioactivity in whatever chemical reactions it takes part. A 
list of some of tlie more commonly used radioactive elements Sa given 
in table 2 (18)* 

g?631Z~-4S"10 
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Table 2 .—of detnenti which urtf btinff uied m amf inedioal 

imcttiQotioTu 


lUdloa&Uvo ekmfiiii: 

iH»- - - 

. . 

iNi*__ 

iiNa'i .. 

iiNa^^_ 


IM rtf. m 
TVjK cif ndfaffam 

__B- 

B+ 

..._B- 

-. B+ 

B-,Tf 


-- - --- * T 

. . B- 

i.S»»__.__.„.__B- 

- B—*T^ 

.. B-.^y 

,. 91 -- .. --- B-,^ 

... B^t 

jiCo**_ --K, Yi *—f B+ 

ipCu**_-_ __ _ B-. B-h, K 

fcZn*® .. B + , 

.iA£«_.___B-,B+. 

— -- - B—, B-^t y 

.. B-.t 

iiRb* «_B- 

tiSr-_ __ B- 

.. B-,t 

„ - K,m 


30.0 yean. 

21.0 iiiiiiut;«. 

l.OQOB yeactL 

[DblLJt€fl. 

3,0 ya^m. 
l-kS hounk 
10.2 Diinuta^ 

14.5 dayp, 

38.0 days^ 

37.0 miQutea^. 
12.4 lioijiii^ 

180.0 dAyA. 
310.0 dayiff. 

47*0 days. 
270.0 da^. 

12.8 hourH, 
2a0,0 cUya. 

26.8 bour&, 
16.0 dayA 
3C0 hoilcB. 
18.0 daya. 

55.0 daya. 

8.0 dAya. 

7.5 hoLira^ 


Tracer siibstAnces haTO proved of great value m etudjmg metabolic 
process in plants and animals, but It must not be supposed that their 
introduction lias supplanted ordinary ehemical methods which still 
have a recogtiized place and u!*. A new tool is not necessarily the 
best for all purposes. 

An ingenious device is used at Berkeley for the preparation of 
rsdioflctivo snbstJiticea simuItnneousJy with the production of neu¬ 
trons for other purposes. The substance to be activated, e, g., red 
phosphorus, is introduced into the vacuum chamber of the cyclotron 
on probes so arranged as not to interfere with the bombardment of 
the beryllium target and tho emUsion of neutrons from the target 
chamber {10). The cyclotron vacuum has, however, to be broken 
when the probes are inserted or withdrawn at intervala of several 
daya 

Various methods are used for the detection of tracer substances; 

(o) .Veainirement of uptf^t ,—^An animal is fed with a radioactive 
substance and after a given time is sacrificed. An assessment is then 
made of the radioactivity of any or all the organs of its body. The 
process is repeated with other animals of the same species killed after 
different intervals. The assessments of radioactive material are then 
plotted against time on a graph, the quantity of material being given 
ns n percentage of substance originally administered found per gram 
of tissue examined. It is, of course, not necessary to use the whole 
organ in every case; a weighed portion may be used instead, and in 























medical XTSEB of the CTCLOTBON—^PEAB 143 

some cases a piece cao be taken from tbe animal under anestbesrta 
without killing it. 

(&) AttiCipAotography .—Tlie tracer substance is RdnUnistered and 
after the predetemuned time the animal is killed or a portion of an 
organ removed (bsopsiy) under anestbcsis. The tissue is sectioned as 
for microscopic purposes and some of the sections are stained with 
colored dyes and others placcrt upon photographic plates, 'fhe areas 
of fogging, which correspond to radioacdTo deposits, are compared 
with the almost identical stained preparations and the distribution 
of the tracer eubstanca studied cpialitatitely. In this method the 
secUotis used for fogging plates are impregnated in the dnal stage of 
preparation with collodion in place of the paraffin custoinarily used 
in histological work. For large organs, such as one of the long bones, 
the autopliotograpb can be compared with an X-ray picture of the 
same part (a. g., see pL 3, fig. S). Very thin substances—the leaf 
of a plant, for example—do not need to be sectioned on a microtome 
but can be placed direct upon the pbotographio plate {pL 2, fig 1). 
Tbe fogging of tlie plate is due to the emission of the beta rays from 
the tracer substance, and the best photographic results are obtained 
when something like 2X10* beta particles per sq. cm, strike tbe film 
during tlie exposure period, 

(c). Oeiffsr cavvitf ,—A method inrolving the sacrifice of the Biibject 
under examtuation is obviously not applicable to hospital practice 1 

For the detection of tracer substances in human subjects a prepara¬ 
tion is chosen which emits gamma radiation (e. g., radio iodine). 
After administration, a Geiger counter, placed on tbe surface of the 
body {16, 20) over the organ to be investigated, records the radio- 
activity duo to tracer prraent {pi. 2, fig, 2). Bsdio iodine is made by 
the dcutoron bombardment of metallic tellurium, and has a hnif-life 
of 8 days. It emits both beta and gamma rays. 

{cJ) DauhU lag ,—An ingenious modification of tlie nutophoto- 
graphic method is occasionally used. By using the unstable in 
the preparation of the dyes far staining it is possible to combine 
color change and radioactivity in the same preparation. 

By such methods it has been possible to show the selective absorp¬ 
tion of various activated substances in particular tlsues; a variation 
in absorption in didorent states of activity of living ti^es due either 
to normal circumstances in health or abnormal conditions imposed 
by disease; and even a variation in different parts of the same colJ (91) 
which can be examined after disintegration of a mess of cells by the 
ultracentrifuge which separates the central and heavier nuclear mate¬ 
rial from the surrounding and lighter cytoplasm. 

The amount of tracer substance taken op depends on the total con¬ 
tent of the same (inactive or natural) elements in the tisane at the tune 
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of udininiatratioii of the tracer elcmeat, the rate of tum-oTor of the 
material ia the organ ooiicemed, and whether or not new tissues are 
being laid down, i. e,, active cel] multiplication, is going on nt the time. 

liadio sodiwjn, an emitter of ganima rays, given to a patient by the 
mouth as common salt, can bo detected by means of a Gieger counter 
within 2 minutes of administration, in the Bngertipa. The ele¬ 
ment has a very shoit half-life of 14.8 hours, and less llian lU 
percent is clintinatcd from the body within the period of measurable 
activity,* It is excreted by the urine and sweat glands. 

Ifadio in^ti fed to cows appears in the milk within 34 hours. It is 
taken up selectively by the red corpuscles of the blood and by bone 
marrow, and in anemic animals the uptake is over 58 times that of 
uoimal animalsL Its absorption depends on ttie organism’s need for 
iron and it is beet administered in a series of small doses ns the per¬ 
centage uptake is greater under tliese conditions. It used to be thought 
that the iron content of the body was regulated by excretion, but 
observation with radio iron has shown that just as much iron is 
excreted by anemic dogs os by healthy ones. 

Jtadiff iodine 19 taken up rapidly and in largo quantity by the 
thyroid gland, which absorbs 5,000 times as much as other tissues. 
The concentration of radio iodine (0- and y-r&y emitter) can be 
raised in animals to a level whicb leads to tiie complete destruction 
of the gland, yet the action is so localized that the adjacent parathy¬ 
roid gland is unaffected (pi. 3, fig. 1). The activity of the unhealthy 
thyroid gland varies markedly according to the nature of the disease 
affecting it. In a state of overactivity (hyperthyroidiam) the uptake 
of radio iodine is rapid, and this is followed by o rapid loss of tlic 
clement. lass of glandular activity is reflected in a very small uptake 
of iodine. It is possible to classify different types of disease of the 
gland by the radio-iodine uptake. In malignant discasa of the thyroid 
its cells, unfortunately, lose their capacity to take up iodine, so that 
it is unlikely that cancer of this gland con be treated by the adminis¬ 
tration of radio iodine. 

Sadio carbon lias been used in the study of plant metabolism and 
quite revolutionary discoveries liave been made, especially as regards 
the capacity of plants to rtiluco carbon dioxide. Others besides the 
dlloropbyll-producing plants can reduce carbon dioxide, and the 
latter, contrary to general belief, are able to do so in complete dork- 
ness though the activity is less than one-twentieth of that in sun¬ 
light, It takes 100 minutes for radio carbon to be built up into tho 
plant solids. Barley can synthesize sugar fi-ora radio carbon in 2 


Mm ileilpmtiBt ■ ipMlac Isotajn! ol IS clciD«iit. tte tetsJ nuui 1* wrlttca B 1 I IDDCT. 
(111 rlstt sf to. .btiBici] Tsitol »d til atomic sumlH-r a. i 




MilDICAL USES OF THE CYCLOTHON—SFEAJl 


145 


hours. Perhaps the Dcatcfrt way io manufacture “tagged^ sugar^ since 
chemical synthesis of sugar is a ditllcult processj is by the action of 
bacteria in reducing carbon dioxide made wiiii radio carbon. 

Radio and radio strontium are taken up selectively by bone^ 

especially in regions where active groirth is tekhig place. Eadio 
fitrontium, with a half-life of 55 days, ia preferablo to radio calcium 
whose half “life is 180 days and cannot be prepared in the same high 
concentration as radio stroutimn. The two elements belong to the 
same group of the periodic table and have similar chemical and 
physiological properties. A striking iliustration of the deposition 
of radio strontium in growing Ixuie is shown in plate 3, figure Five 
hundred millicuries of the element were given to a child 2 days 
amputation of the kg for a cancerous growth. An autophotogniph 
of a lungitudinal section of the leg, compared with an X-ray photo¬ 
graph on the same scale, sliows the deposition of the radioactive ele¬ 
ment in the tumor cells (malignant growth) and in the epiphysial 
line (normal bone growth). 

Radio phmpkarm is taken up by bone, bone marrown spleen, lymph 
nodes, and liver as well as by certain cancerous growths (sarcomata). 
Its use in the treatment of blood diseases is described in the next 
section. 

Tracer substances are also being used to study the metabolism of 
insects mid in some intcr^ting studies in oomparative morphology. 
Organs supposed to be homologous in dilferent species can be tested 
for their uptake of certain radio elements and tlielr activity compared. 
True homologues deal similarly with a given radio element, 

THEliAl'EUTIC AUMTJVIS3THATION OF IUDIOACTl\TB SUBSTAlsCES 

Since it was known tliat some substances are selectively absjorbed in 
animals and man^ the question arboB whether this fact can be used for 
therapeutic purposes. The idea of intracellular radiation opena up 
qnito a new field of radiation technique. X- or gamma radiation, as 
noruirilly applied, reaches the celis ui>on which it is directed by passing 
through layers of nominl cells whose resistance to the radiation consti¬ 
tutes a Limiting factor in the dosage attainnhle. The rays also have a 
couBtitutiona] effect known us radiation which may assume 

serious proportions. There is now a largo range of artificially radio¬ 
active substances which are absorbed by colls and emit their energy 
from within the cell boundary (SSa) p They are all temporarily radio¬ 
active with a wide range of radiation energy from soft beta rays to 
high-energy gamma rays, and they can he administered ^dth far less 
danger of producing radiation sickness. 

Radio iodine has been used in a few cases of thyroid disease but is 
nulSkely to bo of use for malignant growths in the gland. The heavy 
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homologue of iodme, known as dEment 85, was first prepared at Berk- 
eley and has similar properties. 

The administration of rudh atr^ttum Is stUl in tLe early eiXpori- 
mental stage. It k selactiTeij absorbed in bone. 

Tlie furthest developments hare been made with radio pfiosphorv* 
which has now been used tiierapeuticatly on a relativety large scale. 
Badio phofiphorus, i,P", is prepared by the bombardment of red ph4& 
phorus with high-speed dcuierotis (heavy hydrogen nuclei). In tho 
reaction, the proton k repelled and the neutron captured, so that tiie 
stable red phosphorus i«P** becomes the unstable isotope nF^ which 
breaks down spontaneously to stable sulfur nS** with tlie emission of a 
beta ray which can be detected physically. The half-life of radio 
phosphorus, i. e., the time during which its energy is reduced to one- 
half by the break-down of its unstable atoms, is 14.3 ditys. It is usu¬ 
ally used as the compound Ka.HPOt, disodium hydrogen phosphate, 
in a dilution ol 15 mg. per oc. or the equivalent of 0.4 millicurie of Ba 
when fiesfhly prepared. 

Ordinary pliosphorim occurs in all living tissues. A phosphorus 
atom spends, on an average, about £ niontlis in the body of a rat before 
it IS excreted. But its speed of movement in difierent organs of the 
body varies widely. For example In musde the uptake, “turn-over,’* 
and elimination is rapid and the concentration of phoephorus at any 
given time low. In bone, on the other hand, the turn-over is slow 
and local concentration high. In growing ti^es the uptake is more 
rapid tlian in adult. Badio phosphorus is taken up selectively by 
bone and bone marrow, spleen, lympli, and liver, and by proliferating 
cells anywhere both normal and malignant. In the case of bone, the 
rate at which radio phosphorus is deposited in normal, rapidly grow¬ 
ing and cancerous tissue k a function of the activity of the ensyme 
alkaline phospbataso (SS o). But the results show an individual vari¬ 
ation in the actual amount deposited, and a variation for difierent 
parts of the same tumor in the case of malignant growths, i. e., when 
antophotographs are made the fogging of the plates is uneven. 

There are certain human blood diseases characterised by the over¬ 
production of blood celk, either the white (leukeroia) or the red 
(polycythemia), ond dnee radio phosphorus is selectively absorbed 
in the lymphatic tissues and bone marrow where the overproduction 
occurs, thk element has been tried thempeuticaJly In the treatment of 
these dkeases with encouraging results. The uptake of radio pbos- 
phonis in leukemia is greatly in excess of that in a normal healthy 
animal or person, and is a couoentration which lednoes, at least tem¬ 
porarily, the great excess of white blood oells (fig. 1), If the trouble k 
an overproduction of red cells, their redudaon k effected by a concen- 
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t ration of the salt in the bone marrow^ where red cells are manufac¬ 
tured, without disturbing the normal number of white in circulation. 
The presence of cancer (sarcoma) ^^screens’* both kinds of blood cells 
so that doses of radio phosphorus which would normally bare affected 
the blood-cell count have no such effect if u tumor is present, as the 
radio phosphorus becomes concentrated in tlie tumor eella (pi. 4, 
fig. 1). 



FrcDsx l.~T|)e effect of radio ti}ioe]>bante to redactag the esceaslve wtilte-ceU 
canal (w, a. c.) ia a ease of leakeinlc dtseaae of Ute blood (SSa). The r«l-ceU 
coast (a a oO ia practically aaalieted. 


Radio phosphorus was first used therapeutically in 1936, when it 
was found that its beneficial effect on certain blood diseases rescmblctl 
that follow'ing X-radiation. It is still early to judge its usefulness, 
but it is clear already that artificial radioactivity is at least os good 
as the X-radiation treatment and far less inconvenient for the patient. 
Neither is a certain cure, but considerable periods of relief are often 
obtained before the blood dtows abnormality again. It is possible 
tliat better results wilt be obtained by a combination of (external) 
radiotherapy and (internal) administration of radio salt a, but it will 
take some time to determine w’hat is the best form in which to give 
the combined treatment. 

MEDICAL AND BIOLOGICAL EFFECT OF NEUTRONS 

The bombardment of beryllium by deuterona in the cyclotron pro¬ 
duces a yield of high-energy neutrons which is of sullicieni intensity 
for Fadiothenipeutic trials. For this purpose the cyclotron (No. 26 
of table 1) was made more “presentable’^ from the patient’s point of 
view by being enclosed in a shell of white-enameled woodwork which 
concealed the entire apparatus and the protecting screens of wax and 
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wftttT (pL 4, fig. 2), A SBioU bole was left through which & caualized 
Lettm of emerged. Tim attempts began in und caution 

was needed because of tlio danger of serious damage to normal tissue. 
Cancer patients were chosen, however, whose condition w'as hopeless 
front every other point of view. This was perhaps hardly a fair test 
of the usefulness of n neutron beam in medicine, and it was not to bo 
espectod that the rsults would bo )U any vruy sjiectacular. To begin 
with, 24 patients, nil in the advanced stages of tlicir disease, repre¬ 
senting hopelessly uicurable can<rer, received cautiously administered 
dos^ the muguitudo of which wus determined in a purely arbitrary 
fosluon (10). Because of the fixed limitations of sptico, at first only 
lesions confined to the head and neck could be treated. These esperi- 
ments served to supply information concerning skin tolerance, depth 
dosage, and the natuie of the primarj'^ responao of tumor tissue. 
Later on, with an improi'ed lay-out, a larger number of patients were 
given neutron irradiation, and these provided a wide diversity of 
tumors including rites other than tho head and neck. So far the 
results have not been too good (table S). But neutrons have already 
caased the disappearance of a malignant growth (23), tliough no such 
case la regartled as a cure until several years have elapsed sinco treat¬ 
ment. Compared with the results of X- and gamiini i-adiation of 
cancer, neutiou.? have not so far proved better, but they have been 
useful in a few instances where X-rays had been tried and fail^. It 
will obviously take tinie to discover what is the best way in which to 
give them, e. g., what riioiild be the total dose, intensity, number of 
exposun’s, over-all time, the p recise method of combi nation with other 
types of radiation, and so on. 


Taor^ 3.— effect* of neuiroHt on otneer 
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A peat deal of experimental work has been going on besides the 
relatively few tberapeulic trials which have been made, and the 
biological effects of neutrons on a variety of tissues hare been studied 
and the results compared with those produced by other types of pene- 
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trating rndiatioQSj both at Berkeley and el^where (S4). There 
is, howfiTcr, as yet no accepted physical unit by which neutron and 
X- or gamma-ray dosage can be directly compared. If intensity 
of radiation is measured in ion pairs per centimeter^ then neutron 
intensity is a thousand times that of gamma raya. 

At Berkeley the unit dose of neutroJig is meamired by means of a 
Vktoreen ionization diamber and the dose is described as 1 
when the Victoreen (calibmled for X-rays) records 1 roentgen.^ 
Measured in these it is reckoned that In is equivalent to about 

S.5 n (25)* The crucial question^ however, is whether neutrons can 
bring about desirable biological reactions which cannot be obtained 
with other types oif radiation. Investigations on the effects of neu¬ 
trons on cancerous growths in animals as well as human beingu were 
being mnfle, up to the outbreak of war, to test this point. It 
possible that best results Avill eventually be obtained by combining 
neutron irradiation with other form^ of treatment- It is already 
dear that there are differences in the biological action of nentront 
and X-rays, and effort must now be directed to exploit tliesa dif- 
fereucea to the advantage of radio therapeutic treatment. 

Neutrons are very penetrating. When *^cros3-firo-’ methods are 
used 30 to 40 percent of tlLe dos^e comes from the opposite side. 
Much work needs still to he done on the comparative effects of slow 
and fast neutrons (26) and the exclusion of neutrons from legions 
w'hci^ they are not w^anted. 

In spite of their penetrating abilities neutrons are more easily 
absorbed by such light dements as water, wax, and especially borax 
than by heavy elements such as lead or platinum, though blocks of 
lead at^ used in canalizing the beam for medical and biological 
experiments (27). The demand for cydotron time was so heavy 
when apparatus 2i (table 1) was in full running, that it was decided 
to build a new and bigger machine (Sfo. 3 of table 1) to be reserved 
for medical and biological work. Before this aparatus was completed 
plaiifi w'ere begun for the giant cyclotron on the bills behind the Uni- 
vei^ity campus. It was decided that protection would be a serious 
problem with this nmchine and thal it would be best to isolate it as 
far Hs possible from other laboratories!. Even with cydolron 2& 
there w-as unavoidable Interfcitiice by penetrating neutrons with 
delicate physical uppamtus in nearby lahonvLorlea, particularly Jn 
the chemical department udjacenL to the cyclotrou building. The 
cyclotron team arranged a special signal to warn their ueighbots that 
neutrons were abc:»ut to bo liberated in their neighborhocKl; it was 

* A im the Udlt of dh^I In X- RQll e^innu-nr tbchipr Knil li dpAnod ill th? 
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pckssible to detect neutrons sereral luileG away. The war baa inters 
rupted touch of ttie peacetime research of the medical cyclotron, but 
a remark by Prof. Sir J, J, Thompson, of Cambridge, at Winiiip^ 
shortly alter the diacorery of radium applies equally »reil to the prod¬ 
ucts of the cyclotron i “It is iiuperative, leat we should be passing over a 
means of saving life and health, that the subject should be investi¬ 
gated in a mucti more systematic and extensive manner than there 
has yet been either time or material for” ^18), 

Ijooking down on the Berkeley campus of the University of Cali¬ 
fornia, said to be the largest educational center in the world, across 
the great expanse of San Francisco Bay, with its artificial island of 
400 acres and with two of the greatest bridges in the world, the scene 
is now dominated by the vast circular obeervatory-like building, 165 
feet in diameter and 00 feet high, erected on a hilltop to house the 
lat(^ cyclotron. As we think of the human activity behind all this 
achievement the motto on the California State Capitol seems peculiarly 
appropriate—“Bring me men to match my meuntains.” 
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(Witt 2 plate*] 

Early in tlio winter of 1042 tbe Ifsival Medical Researcli Institute 
bccaiHe interested in tlie problem of prolonging survival after ship¬ 
wreck At tills time tlie problem of procuring drinking water on life 
rafts was in u confused state. Several methods bad been developed 
and many proposed, yet no coordinating agency existed to evaluate 
the methods developed, or innke recommendations for tho^ proposed- 
It was clear that in order to make progress in the problem of survival 
an agency for coordinating the available data was necessary* Also 
a need had arisen for answers to certain questions pertaining to the 
pi'act.icai and physiological aspects of the problctu. 

The ^'^Drinkability of Sea Water^ (1)- was first investignted be¬ 
cause factual evidence on its effects was lacking and various rumors 
were extant. It was soon learned that sea water was not potable, 
since greater dehydrarion occurred with its use than without. This 
was due not only to the large amount of water required to excrete the 
salts of sea waterj but also to the loss of water by vomitus and diarrhea 
which frequently followed when the sea water w^as consumed at a too 
rapid rate. Li fact, it was found that for every volume of sea water 
drunk^ approximately two volumes of fre$h water were required to 
prevent electrolyte imbalance in the bocty^ 

Shortly after the experiiuenta with the potability of sea water had 
been completwl. work was instituted to test and develop methods for 
procuring potable water, to produce a physiological and practical 
ration, and to provide meana for the protection of survivors from the 
elements, rain, heat, cold, sun, and 

tj fyrmlHloii fpoai Uzltt^d State* NeTEl tnitUnte ProcndJniv, vcit TO, Ko. B. 
W]LQ(e ^o- 40®, S-Dreut 1N4- 

■ FEpim In tiarcnttatHa nfer t* blbttocm>)V artl^. 
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Several methods for preparing drinking water from sea water on 
life rafts wera in a partial state of development. However, no method 
approached practicability for life-raft use even though available infor¬ 
mation intimated as much. In fact, few invcsligatorE realized that it 
was a long step from the successful employment of a method under the 
ideal conditions of the laboratory by skilled laboratory technicians 
to its use under the trying conditions on a life raft by an inexperienced 
individual. Those responsible for the evaluation of the various sug¬ 
gestions and devices pertaining to survival at sea soon realized bow 
little knowledge was available and how mucli had to be learned about 
the entire problem. 

Several methods for producing potable water from sea water Irad 
reached a state of development sufficient to merit consideration for 
life-ruft Hite. The first four methods described below are based on 
physical donees for producing potable w’ater, 

1. The VUscher body siSl .—This still consisted essentially of a 
vacuum pump to reduce pressure in the system and of a smaU boiler 
strapped about the body to utilize body heat for fuel to disdll fresh 
water from sea water. Condensation of the water vapor was achieved 
by immersing ii coll and collecting bottle in sea water. 

Tile still had much in its favor, tliough tile disadvantages out¬ 
weighed the advantages. It required the expenditure of a significant 
amount of muscular energy to maintain the reduced pressure; in 
northern latitudes, a partially fasting individual could ill afford to 
lose the body heat required for the evaporation of the water. Sec¬ 
ondly, considemhle machine tooling and engineering were involved 
in the production of a special vacuum pump which was to be subjected 
to the corrosiveness of sea water TTie weight and volume ratios 
(water produced per unit of weight or of volume occupied by the 
apparatus) were very poor. Finally, the loss of any one part made 
tha still useles. 

2. Safety fuel afiH (2).—“Canned heat” was used as fuel to distill 
the sea water and the cool sea water was used to condense the water 
vapor. The smallest model of this still, though possibly suitable for 
large lifeboats, was much too bulky and heavy for life-raft use. Fur¬ 
thermore, the still was affected by wind, wave, and rain as well as the 
corrosiveness of sea water. Considerable manipulation and intelli¬ 
gence were required for operation and, contrary to available data, the 
stiil did not produce enough water on a weight-volume ratio to recom¬ 
mend its usfc It bad many more parts than did the Visscher still so 
the possibility of the still bcoomiug inoperable through Joes of a part 
was greater, 

3. Armbrwt cup (S).—This method differed but little from a 
method developed during the last war, whereby the moisture of the 
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breath was cotulcnsed In a wet felt'jacbeted metal coiitamer> The 
calculated elhcieiK^ peak for such a metliod is but 15 milliliteTS of 
water per hour and eren with a tight^htting mask and a highly effi¬ 
cient condenser this degree of efficieuc; was never reached in labora¬ 
tory and field tests. Under eEperlmeiital conditions a maximum oi 
5 milliliters per liour was attained and no subject was found who could 
tolerate the device for 8 hours. Another limiting factor was that the 
device required quantity production from an already overtaxed metal¬ 
working industry. 

4. Ddttn-o solar stUi (2), (4) .—The source of heat for this still is 
solar radiation. The sunlight posses through a transparent plastic 
window and is absorbed by black toweling which backs up the plastic 
sheet. The toweling is kept wet with sea water, and the evaporating 
moisture condenses on the plastic window and drains into a reservoir 
at the bottom of the still. Under ideal conditions the apparatus was 
capable of producing SOO mlLUlitcrs of water a day, but it was much 
too fragile for Hfe-ralt use. In fact the models tested in the labor¬ 
atory required continual repair. Another disadvantage tvas that the 
apparatus had to be oriented to the sun. On a cloudy day, there¬ 
fore, the efficiency of the still fell off markedly. In view of these 
disadvantages and its bulk, the canned water, tlien available, was to 
be preferred. 

Since all tlie above devices were unaatiafnctoiy, chemical methods 
of treating sea wotcr presented possibilities. 

6. Ooets method (1).—This method was one of the earlier chemical 
methods and one that received considerable publicity for the reason 
that the ratio of water produced to the volume of chemical employed 
was of the order of 14 to 1. It required little manipulation—sea water 
was scooped into a plastic bag into which was dispersed a small pack¬ 
age of silver and barium oxides. The chloridea of sea water were 
precipitated as silver chloride, the sulfates as barium sulfate, resulting' 
in a solution of approximately 0.3 alka li which caused the magnesium 
in sea water to precipitate os magnesium hydroxide. The precipitate 
was allowed to settle and was tlicti clami>^ off in the bottom of the 
bag leaving a cloudy supernatant duid. Into this was stirred n cake 
of citric acid which neutralized the sotlium hydroxide to sodium ci¬ 
trate. Thus the end result was the oonrerston of the approximately 
3 percent sodium chloride of sea water into approximately 3JJ percent 
sodium citrate. 

The limiting factor in the use of this water was that the sodium 
citrate was converted by tlie human organism into sodium bicarbonate, 
with a resultant severs alkalosis. The kidneys, in order to rid the body 
of this excess alkali excreted an excess of water, which led to more 
severe dehydration than if the water had not b^ drunk. Though 
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the water was better that) eea water, the combination of induced alka¬ 
losis and dehydration condemned the metlmd. 

C. vietkod (B).—ThU relatiTely simple ion exchange 

chemical metho<l was limited by the fact that the weight and volume 
ratio of water produced to chemical employed was too low" for con¬ 
sideration. Chemical analysis of tlie water produced permitted, its 
tecoutmendfltion as drinkit^g water, but no physiologic studies were 
made. Development of n field kit would have lowered tbe ratio still 
further. 

T. Red Jacket (6).—^Tbis method wns similar in principle to the 
Aquamaa method. The factor that limited its use was tine low weight 
and Tulutnc ratio. A field kit was developed which bad much to rec¬ 
ommend it for simplicity, but the added wciglit of the kit resulted in a 
much lower water ratio. 

8 . British Permutit ( 7 ) and American Permutit { 2 ), ( 8 ), (&).— 
These methods were very similar and were in fact originally exactly 
alike. A silver and barlnm zeolite was employed, which upon intei'- 
action with tlie salts of sea water caused tbe precipitation of silver 
chloride and barium sulfate and sodium and magnesium zeolites. Tlie 
diemical was loosely packaged into a small cartridge, and a number 
of the cartridges were packaged into a bakelite processing container. 
The container, shaped in the form of a cylinder, had two removaLble 
lids. On one end a filter was placed over a screwed-down cap with a 
protruding teat. At tlie other end a screw cap with a rubber vent 
allowed the formed gas, but not the water, to escape. Sea water was 
scooped into the container to an inscribed mark, and the contents of a 
cart ridge w'ere added. The top lid was screwed on and tiie contents 
shaken for 20 minutes. The processed water was removed by sucking 
on the teat at the bottom. 

Although the original Permutit methods produced excellent wEiter, 
tlio ratio of water produced to chemical cm ployed was almost as poor 
as those of the previously mentioned metliods. They had, further* 
more, not been considered practical for life-raft use for a number of 
reasons. First, it was less trouble and expense to paebage canned 
water. Secoml, the method of procesing was complicatetl; the parts 
at times required mechanical tools for disassembling, especially the 
screw cajjs. Third, the method of rctnoving tbe drinking water was 
much too difiicult. Fourth, the resistance in the filtering system was 
frequently too gi'eat for a man to aiick out the water. 

9, Nanai Medical Researeh Fnstittite method (2), (10), (11).—Dur¬ 
ing the la.'ft part of I M2 a new chemical method for the preparation 
of drinking water from .sea water was discovered by Spealman (12). 
Basically, the method consisted of adding silver oxide to sea water 
and filtering off the precipitated silver chloride and magnesium hy- 
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droxlde. XIric acid was then added to tUe filtrate^ precipitetiug so¬ 
dium urate which was filtered oC 

The method was derelopod at tile Naval Medical Research Institute 
witli field application primarilj in niind^ Two simple plastic bags 
and two filters were designed so that mininium space was occupied 
by these? processing devices. The silver oxide dispersed into tlic 
sea water contained in one of the plastic bagi. Tlie contents were 
then filtered into the second bag and the uric acid was dispersed into 
the filtrate, A final filtration into the bag, which had been rinsed 
with sea water^ produced potable water. The time required for the 
complete operation was approximately 30 minutes. The pi-oduced 
waterj from n physiologic standpoint^ was excellent but the taste al¬ 
though not objectionable was slightly bmekbh. 

The method protiueed T.4 voIuiue^ of water per unit volume of 
apparatus, a high ratio, Tiie weight ratio, S.fi of water to 1 of appara¬ 
tus, also represented a very substantial improvement over oUter 
methods. 

The standards for drinking water for life-raft use had initially been 
set empirically to meet the Treasury Department standards (13), 
Tliosje standards were unnec-^arily exacting for water that was to 
be used for emergency puqiosca as they were adopted by the Treasury 
Department on June 20,1&25, for drinking water and culinary water 
supplied by common carriers in intcr^rtate commerce. Tlie attempt to 
meet these impractical and imphysiological standards was unfortu¬ 
nately one of tlie prime factors in limiting the chemical methods since 
the ejcactivig demand^^ lowered the weight and volume ratios. 

The first approach to the problem of increasing ihe cfiiqlency of the 
chemical methods was to determine how much salt could be left in 
drinking water. Two gi*oup3 of men were placed on a semistarvation 
regime (14) (15) and allowed 500 millilUers and 1,000 milliliters of 
water [kt day. One half of each group had its water slightly salted 
{0.3 to 0.4 grams of sodium chloride per 100 milliliters), the other 
half drank distilled water. The men drinking distil 1«1 water excre¬ 
ted between 3 and 4 grams of sodium chloriik daily. The group 
drinking 5(30 milliliLeis of slightly oaltcd water conserved lOO milU- 
liters of water per day more than the comparable 500-milUUter group 
that lirank distilled water. The group drinking IfiQO milliliters of 
slightly salted water conserved milliliters of water per day more 
than the group that drank i,0CM) milliliters of distilled water. By ah 
lowing 0.3-04 percent salt to remain in drinking water a conrider- 
able reduction was made in die daily water requirement. Further¬ 
more, considerablD i^uotion was made in the chemical required for 
producing potable water. 

8T6212—to—11 
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It erideut, too^ that a further gum in weight and volume ratio 
could be made if tli© sulfate ion in sea water was not removed. Cur¬ 
rent opinions arising from Treasury standards emphasized that mil- 
fate in drinking water should be at a minimum (250 parts per 
1^000,000) owing to the suspected cathartic action of die sulfate ion* 
In order to elucidate this point, experiments were conducted with 
men placed on a semistarvation regime, who drank 500 milliliters to 
1,000 milliliters of water per day prepared from sea water by the 
Xavnl Medical Eesearch Institute method (15). In this eipcrimcnt 
all die magnesium but none of the sulfate was ren^oved* ni effects 
were not observed and all the sulfate ingested in the water (50 
ME/liter) was found to be excreted in the urine* The evidence showed 
clearly that this quantity of sulfate was completely absorbed from 
tlie intestinal tract and was not retained bv the tissues. Under these 
circumstances it could not act os a cathartic. 

As already mentioned, the Permutit method was a eingle-^p 
chemical method. Its weight and volume ratios os originally em¬ 
ployed, however, were extremely poor. It was demonstrated that if 
the above adjustments in final chloride and sulfate content were made 
and if a simple field Mt were developed, the ratio of water produced 
to apparatus employed could be mercased to a point where it would 
be sujierior to any other available method. The original low weight 
and volume ratios were due to conformance to Ti'casury standards 
which were notin accord with field requirements, and to the absence 
of a practical field kit. 

The following recommendations were consequently tranEmitled to 
the Permutit Ck>p: 

1 A colInpKiblQ proceefilnjf cantnleer ^hiiuTd be developed etotiodylnff the prin¬ 
ciples worked out by the Naval Medical Kessirelt Lifttltute and the NdUouilI 
Carbon Co^, since tliLs coclalner had HtUo voKiime or weight and was better 
adopted to Itfe-rafl use. 

2. The chemical shoald bo formed Ltite hlffhly eempressted hrlaaeti to con- 
BCm* space. 

3. SoclEnjn idUorlde flbimld bo left In the drliiihJni^ water lo a coacentratEoTi of 
0 jS- 4X-1 percent to Increase the wel^t arwi volume mtEo of the chemical and aid in 
conaerratlop of body wnter. 

4. The sulfate need cot l>o rfmered to further IncreaBe ihir weight and TOlama 
retlofl. 

A lightproof and waterproof method of pockoglag as developed by the Iq' 
atnate and the Bereolds MetaJ Co, should bo employed since It not only ofToied 
exceUeut protection sgalust eiposuio to water sod light but added UiUe to 
weight or volaine 

lliese recommendations were immediately adopted and prepara- 
tiona were made for raft trials, since it now had become obvious fKar 
all the iaboratoiy work done would be of no avail if the Sndings vvete 
not proved to apply to actual field conditions. 
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The modified Permutit method resolted in a brifjiiet of silver zeolite 
slightly smaller than the size of a paebnge of cigarettes. One had 
bnt to d rop a briquet into a coll apsiblc hag contsi ning sea water. The 
new processing bag contained a built-in filter with a sucking tube just 
below the filter. With a little manipulation tlie briquet was disinter 
grated whereupon the chemicals proceeded to react with the salts as 
described. Twenty minutes of manipulation removed as much of the 
salts as was necessaiy to pixjduc© potable drinking water. The pre¬ 
pared water was drunk by sucking on the protruding tube at the bottom 
of the bag. To do this required 3 to 5 minutes. 

In Febmao' the Bureau of Medicine and Surgery authorized 

the Xaval Medical Research Institute to conduct sea trials under simu¬ 
lated conditions of survival on life rafts in the Gulf of Mexico.* * The 
[irimnry objective was the testing of various methods of producing 
drinking water from tlie sea. Tho secondary objectives were ob¬ 
servation of the suitability of a new tablet rat ion j methods for preven¬ 
tion of sunburn, and, in general, of the performance of life rafts and 
equipment, such as signaling devices, water-collecting devices, fishing 
gear, and clothing, ns well as a study of available space and the physi¬ 
ologic phenomena of shipwreck survival such to water requirement, in¬ 
cidence of seasickness, and conservation of body water. The following 
water-making devices, all in a rather well-developed state, ware tested i 
the Naval Medical Research Institute method, the Permutit method as 
modified by the Naval Medical Research Institute, the Delano solar 
still, and the Safety fuel still. 

From July 7 to 11,1943 (2), 21 men,* ages 19 to 44, spent 97 boure on 
a restricted regime with the daily fiuid intake limited to BOO milliliters, 
and a dletaiy intake of approximately 330 calories in the form of tablet 
rations in which chewing gum and vitamin concentrate were included. 

Sixty-one of tho 06 hours, including 2 nights, were ajjent floating in 
rafts lb to 20 miles offshore in the Gulf of Mexico, near Pensacola, BTa. 
Tim remaining tinae was spent on the escort vessel. Rafts included 
Navy one-man parachute rafts, Navy four-man rafts, and a special 
seven-man raft supplied by Transcontinental and Western .lUrlincs. 
l^ach was captained by one of tho staff motnbei^ of the Naval Medical 
Research Institute. 
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With the except ion of the seTen-nian raft, all rafts were to depend 
for their drinking water on the particular type of water-making device 
delegated to each raft, e* g.. one raft contained four Deluuo solar 
stills. Tlie acven-man raft was to depend on the Safety fuel still for 
its water supply? other water-iuaking devices were supplied to this 
raft for test puriKJses only. When the water produt^d was below 
600 milliliters per day per man^ the dehcient quantity was supplied 
to the individual fvom the water supply of the escort vessel. 

Water volumes produced hy the various methods tested were meas¬ 
ured and logged by the raft captain. He noted also whether the other 
occupants of the raft were abb to CArry out their assigned jnclhods 
from printed directions, and what dilBcultics were encountered, 
if any. No ossistance was rendered by tlie raft captaiii unless the 
subject could proceed no further. 

On the early morning of the first day all subiects went over the 
tide of the escort vessel and into their designated rafts. Water¬ 
making devices were broken out whenever the time rose for producing 
water, except for the solar stills which were in operation as soon 
as the individuals could get their appliances together. 

Of the original SI individuals starting as subjects, S had to be 
removed on the second und third days, owing to seasickness. All but 
3 of the remainder also suffered from seasickness but became adapted 
by the end of the second day. 

The following requisites relative to water-making devices were 
noted: 

1. A m-etliftl for lleW ose be mfide extremelj MmpilQ stncp the effect^s of 
119 cold, water, heat, sun, hunger, nnd tlilrst, piii 4 tlie added factora 
of laeJe of sJeOp rni-d leave mvn Iti a ponr mental and itbyslenJ coudltloo. 

Z. The uetbod cmpln^ed should retioLre lltUe time for Ita operatjoa or mnolpllla- 
tloii and fiiw dtreetioDj. It was found that the ladlvIdtiaJjf tended to emploj 
the waiTQ darltfilat hotJt^ for cbtchln^ up on lost sleeps 

3. The device rmploriol shonld have n cnlQiiuiiiu at parta aad all pan a ahauld 
be veU secured to the person ur to the raft. 

1. The device cinplujreil should bo of rttjg^ed wnotrueUon aad reaiataat to 
cortosiou. 

6. The complete kit ehould occupy very little spaee in the raft stnee space was 
ut a pretnfDui. 

As e^epected, the method of first choice was found to be the Permuttt 
method as modified by the Naval Medical Research Institute, It 
required fewer directions and less lime, attention^ and manipulation 
than any of the others. Several minor faults were found that were 
corrected later. 

L The clcwure oa the pilnatic was made more secure. 

2. The filter was booded Into the bag to preir^t leaks cDmied by eharp ixtrllrles 
of chemical toeing trapped in tocLwcea the filter and which, upon ancftilliiit. 
caitKd ptcliole torcaka la the 
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a. Tlie ssweotiati tftatOt abom vhlch wtnlrtalnts were nuide darLui' th^ raft iriftla, 
wafl rffUml tcp be lnJiwrted to tbe wnter tj Ule Ylnylile [dnatlc bajif eaused lij? 
ihe lubrlaint emplo^ea Sn tbe mftttufftcture of sheet Vln^lllc. Tbe taste 
ellzuliuited beating the flnlwhijd fabrle ta IflO* F. ta eirapOTAtc the solTentB 
and Lubricants employed. 

The luethod of second choice was lUe Naval MetHcal Ee^areh 
Institute methocL This loethod, involving two required double 

the timCi attention ^ and manipulation of the Permutit ineUiod. How- 
ever^^ it Htill possessed the advantage of higher weight and volume 
ratios- 

The third choice was the Safety fuel stilh to which there were 
however^ many ohjections^ It occupied an excessive amount of space 
in the seven'man raftj the igniting flints quickly became corroded 
and usolesSj and corrosion also affected the still iLsell The light ing of 
the fuel was a serious problem, especially in high seas and high winds, 
the burning fuel gaA^e to fumes irritating to the already physically 
upset subjects. 

The solar stills were not even considered for use. They were 
continually in a etate of disrepair* In fact, of the original five 
employed, none were in working order after the third day. They 
required continual atteotion and always had to be oriented to the 
sun. The maximal water production was of the order of 150 milli¬ 
liters per day. They had to be carefully put away at night so that 
no damage might come to them in the crowded raft. 

The coniparative data on all the water-making devices tested on 
the life rafts are presented in table 1. 


Tabu: l.—of cumpiifattre tfaJp dcvfcfffl tcAietf on life 

rafts 
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Owing to the fact that tlie chemical had been compressed to tlie 
maximal degree cojiaistent with diBintcgnition on use, the Naval Medi¬ 
cal Besearch Ifutitute method produced considerably more wuter by 
volume than any of the other methods tested. Greater compression 
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of die cheoiteal wns, therefore, recommended to the PeitnutU Co. It 
was pointed out, however, that too much pressure made the. briquets 
indispersible and, therefore, useless. Fortunately, an earlier ohserva- 
tion at the Naval lledical Research Institute permitted much greater 
oompre^ion than had formerly been possible. If an inert chemical 
which swells to iJ to IS times its original volume when exposed to water 
is added to the briquets, it acts as a disruptive agent, This develop¬ 
ment was incorporated into the new Permutit briquets, and proved 
very succe-ssful. The result has been that an exceptionally small briquet 
can now bo manufactured which, within a minute after being added to 
sea water, crumbles and falls apart into very small snndlike particles. 

Table 2 presents the water analysis of the major constituents of the 
drinking water produced by this process. 


Tauc 2.—ffantenl of vxttfr prndUKCi t>s fAc Fcrmwlft nte<Acd ns mndifled 
ti]f i/te Naval Jfeilicat Research Institute 


laa 

Trpficflifw 

rUCF 

wjiEcf 

_ ___ _ _ 

w 

SO* 



i 

ChlOrldt .. .. . . . *_ 

49P 



fr 

tr 





AS thIdh UB muJiiul uid u« «* 


Briquets with tho latest modifications aro now in mass pioductiou 
and ore being packaged in a can exactly the some shape and volume as 
the standard Navy water can. This design was chosen by the Naval 
Bureau of Aeronautics in order to minimize changes in the parachute 
back pad and parachute type raft. Calculation from the figures given 
in table i shows that the new briquet yields the following ratios as 
compared to packaged water: 


Wolchl nUi. 
VglitEMmW, 


UhlK f*3U\ih 

PufcBfl4 

Vtam 
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0,1 


This can, filled with water, occupies a volume of approximately 
700 milliliters and weighs approximately .'ilS giams, containing a 
volume of water of 340 milliliters. The same can, containing demiu- 
eralizing equipment, has a total weight of approximately 800 gi-ams 
for a total vol u me of approximately 700 mi 11 ilitera, Th e demineraliz¬ 
ing equipment will have a potential supply of 3,000 milliliters of 
water, a gain of approximately nine times the avaiLabia water foe 
the same given space. The man-days of available water (500 milli- 
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IJtc^ per day) for the sarne volume of space is 6 tnan-days for tlenuB- 
eralissing equipment as a^inst OJ man-^y for packaged ^ater. 

Directions are stamped on tile processing bag m waterproof ink. 
The dircctiona were written in Tery simple English so that they might 
reach all types of unindoctrinated individuals. 

The following are the printed directions as stamped on the proc¬ 
essing bag! 

1. Screw plu^ !□ oatiet tube at bettocD and All bog to line with eca water. 

H Add brlaiiCL Tight]j roll top of bag down towurd buekle ond strap securely. 
A. Allow briquet to etaod In contact with water for a few mlnntes. Then 
gently kuDad bng with hand for 10 mlnutefl liatU entire briquet La trokea Into a 
One powder. 

4 ISbake bag occasiDnally for at least 20 mlnuieB more, eo that deaflltlng 
mBterlmt is kept la thoraagh contnet with tbe witter^ 
li. Now suck dear niicnHl drlaklDg water tbrougb drinking tube, 
fl. After fiudcicLg ent all wateF^ rinse bag la sea water to rerflore oaed-ap 
derail log mater laL 

These developments have led to the adoption of the Naval Medical 
Institute modifiiation of the Permutit method by the Naval Bureau 
of Aeronautics, the Army Aviation Corps, and various private air¬ 
lines operating with the Army and Navy, and it is now being con¬ 
sidered by the War Shipping AdminiEtration for posable use on 
transports and freighterSL 
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PLASTICS AXD JIET.VLS 
COMPETITOKS Ott COLLulBORATOKS t * 


By <J. JC ScBiMia 

-V. Fnriiifcii? 

of tho SO€i^^ of th€ Flastirt InduMtrtf 


IWith z ptjitH] 

Any attempt to compare pla^ics and metak on a competitive basis 
is difijcult becBuse of tbe versatility of both groups of materials. It is 
in the same class with the ancient discussluns of which is the more 
valuable mnii on a baseb^iU teamT a good hitter or a good pitcher^ 
Both are necesii^^^y to a well-nmnded teauL Our team in this case com¬ 
prises all the materials of engineering that ore making possible the 
present anti future scale of living for all of mankind. 

The general idea that plastics will in some way be competitors of 
metals (especially light metals) in the postwar world may be true to 
a ceilain extent, but the areas of overlapping wUl be found to be 
contparatively i^n^alh In the first placet plastics are not a tonnage 
iJidustry as practically all metaia are^ Even magnesiunij the newest 
candidate among the metalst is being prcMluced at something like 
double the entire output of plastics. If the automotive world sud¬ 
denly decided that plastic cars w-ere actually here and tried to swing 
into production^ it would put the chemical industry in on Impossible 
situation. Three hundred and fifty thousand tons of plastics (the 
present production for parts) would not go very far, and the tanks, 
retorts, and piping required to jump plastics production up to any¬ 
thing approaching the fonj^iige required would be a real headache. 

Even in the competitive area^ the rivalry is not generaL Molded 
plastics compete with metal chiefly when metals are die-cast, sand- 
cast^ or mavhijiCfl. Laminate<l plastics are competitors^ with metals 
w lien the latter are considered in sheets, formed or machined. Besin 
coatings compete with metals used os plating mediums. Tliese are the 
three principal occupants of the twilight where plastics and 
metals overlap. 


* Oeprfated ty from Uvtmlm mnd Aliajt, voL SO, 2, Atiyiut 1W4. 





Igg AJSTNUAL REPOirr SMITHSOXIAN mSTiTxmOK, 1^46 

Outside this area the two types of piateriab are mutTialJy esclusivtj— 
each supreme in its own right* Plastics cannot be used where con- 
tinuotis heat aboye 400® F. wiE be applied. Plastics lack the surface 
hardness of most metals, although many plastics seem to be better 
under abrasion than many metals* Again^ if only a sniaE space is 
aTailable and the cross section therefore limited^ metals are invariably 
chosen because they provide the requisite strength, 

BOSIE HROAJ> DISTINX'TIONS 

Plastics are beyond the competitive reach of metals where (1) 
satisfactory electrical insidating quality is required; (3) a material is 
needed that will waterproof textiles so as to leave them U&iible enough 
to use as raincoats, shower curtains, and the like; (S) transparency 
is required; (4) a material is sought that is suitable for protection 
against ordinary heat conduction in such simple applications as coffee¬ 
pot handles, gas-stove handles, electric-iron handles and thonsands 
of like parts; (5) the material must feel warm and comfortable to the 
touch, so that one^s akin won^t freeze to it in cold weather, and must 
not get too hot to handle in very hot weather; and (6) a choice of 
buEt-in colors is desired. 

If those were the sole bases of comparison between plastics and 
metals, metals would already be at the start of a long decEne, How^ 
ever the problem cannot be settled so simply in favor of either aide. 
I^t us go back to the two most important fields where the choice may 
be difficult—formed metals versus molded plastics and sheet metals 
^^rsus sheet plastics, and see if it is not necessary to draw finer 
distinctionsL 

To begin with, not all metals can be formed with equal ease. As 
with plastics, compromise is usually invoked. A certain alloy steel 
may be ideal as to service quality but to get it in the shape needed might 
involve so much cost as to make its specification unwise. If some 
bright engineer found an airplane propellor design that needed a 
metal so hard to work that it would cut tlie entire propeDer production 
of the country to one-tenth its present rate, it is unlikely that the 
advanLages accruing from its use would be considered enough to 
justify the loss of production. 

Molded plastics need rather expensive steel molds, but so do metal 
die-castings. Sand-cast metals offer a cheaper approach, but may 
leave too much machining to be done to got the needed accuracy. 
Plastics molded parts seem to fit Into a middle band of accuracy. Xf 
the part is really rough and a sixteenth of an inch meuu^ nothing, a 
sand-casting is certainly indicated; if the tolerances, however, are 
less than 0*001 inch, carefully machined metal is a better clioEce; be- 
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tweea the^ two sections is where molded may have an even 

chance. 

Other tilings being equals the gi'catest advantage plastics have to 
offer tlie prospective buyer is buiU-in color, and its twin brother, sur¬ 
face permanence. In the case of piaatics neither corrogion nor elec- 
trolyais will alter what ^vos bought and paid for. 

Die-cast or stamped metal is most certainly indicated when thin 
sections must be rigid or bear any appreeiabie strain* Strong, thin 
plastic ports can easily be made in limited shapes by using reinforce¬ 
ments of lamiimtcs or fiber stodcs, but they will not be rigid. Oh the 
other hand, plastics can carry threads very nicely, as nicoly indeed as 
metals if there is enough ^‘laeat” around the thread to prevent its 
cracking out. 

EINGINEERTNG FACTORS IN SELECTnON 

Basically the first factor determining the choice of plastice^ or 
metals is the available space or volume of the part^ If it is relatively 
small, plastics are almost automatically out unless their use is dc^ 
manded by one of the six *^esclusives^ mentioned earlier. 

After tho space factor comes cost. All plastics cost more than 
metab, on a pound basis. The saving grace for plastics eomca from 
the advantage of their low specific gravities. (See table I.) Even 
magnesium at 1.80 is higher than the average range of 1 .OC to 1.50 for 
plastics. Perhaps, indeed, a correction of Ihe usual strength values 
for the specific-gravity effect may bring plastics up into the range of 
the engineering metals* Unfortunately, to mate any showing at ail 
for plastics we mtist choose the very best plastics material, and be 
careful to select one of the weaker alloys for comparison 
On this basis, for instance, let ua make some tensile-strength com- 
parisons, (See table S,) Chrotne-moly stocl and stainless steel run 
around 180,000 pounds per square inch, aluminum alloy 62,000, and 
magnesium alloy 46,000* One of tho strongest plastics we have is 
Pregwood, impregnated plywood* PregAvood’s tensile strength is 
30,000 pounds per square inch* Other “strong^ plastics are paper 
laminate at I2i500 pounds per square inch, canvas lammate 0,500, and 
wood-flour-phenolic melded parts 8,500. It is evident that plastics 
offer nu comfietition !n direct comparisons of this type, 
hiow suppose we set up our system of handicaps based on dividing 
the ^ength figures fay speeific gravity so we can determine specific 
tensile strength or tensile strength per pound. (Again see table a,m 
which nmtcfials are listed in their order of merit in this respect,) 
Immediatelj one of the ptastics contestatite, Pregwood, moves up to 
third on the list at 23,000, behind magnesium alloy at 25*400, and 
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^Ink^ steel at 23,600. Chrome-molj steel cornea in at 22,0OOj alu¬ 
minum alloi" At 22400, and then a terrible drop to paper laminate ut 
S>j400j canvas laininAte at 7,100, and wood-flour-phenolic, molded, at 
6 , 200 . 

Thk comparison sliovrs that if the coiapetition be confined to sheet 
materials, the plastics stand up fairly well in tensile strength by 
weightj but the moment it centers about really slmpeable forms by 
bringing in tbe moidable group, the plastics lose pcKitian rapidly. 


Tjlble L—Spnie vlatiiia ajui a^ntpartd m to ti^ht {lighittt ai iht 

of th€ 




MatfritUl ciunAefidtIa IUh 

Formica Prcgjood No. 100. linpregitiated cotfijMWJOftd wood,-L 30 

All lajuiaatkkrLg panilleL C^la^ed a high-etrcoiitb pfoductn 
Water absorption 6 percent oi&slimiiii. 

Formica cftnvori lAnunate-pbenolic. Grade _ _— 1.33 

Cotton robnc, 4 otiaoes per yard. Toilsbi 
W‘ator abwrptioTi 0.3 percents 

Formica paper base lominaie-ptieoolic. Grade 1.33 

PrimBTily fpr moohaaical applications. 

Water absomtioa 4 peroont. 

Bakelite wood-flour'phcnoli^ BM-120. B«t aU-around molding 

fsompoaltlon_L 36 

W'ater absorption 0-3 ptreont. 

Bakelite macerat^ cativaa pbenoUc BM-35lO,„.- - _ - 1. 33 

High^productioDj hlgh'impaot molding. 

Water aboorptioo 1 percent^ 

Fortaica glasa mat base phenolic. Grade MF— -- — 1. 50 

Banicaily for electrical puipofles. 

Water abeorption 0,35 perconl. 

Formica osbe&too fabric hoae laminate- Grade AA_._ - 1. SO 

Sireagth, toughnesa. minimum diioetialonal changb^ 

Water alWarptfon 1.6 percent. 

Magnesium alloy (AM--585) --- - -- 1-81 

AluminuiQ olEoy {24 3T) __ —-- *— 2.80 

8tamle«a .. . 7. S6 

Chrome-moly ateeL- --—-- - 7. 85 


With respet:t to comprc^ive etrengtL the sleek are strongest; with 
some of the plastics better than some of the other metals, as can be 
seen in table a When the specific gravity correction is applied, how¬ 
ever, all the plastics (esecept Pregtvood, now) rate higher than ilie 
metals. Tlierefora if compressive g^trength is the determining factor 
in A specific design, plastics (some form of thermosetting phenolic or 
urea) w'Ul seri'e the purpose best pound for pound. 

Similar data on modulus of elasticity in tension, which la a measure 
of a material's rigidity, are given in table 4 and show clearly that the 
metais arc outstanding in this respect, even on a pasr-pound basis. 
And beyond that, on shear strength, impact strength^ and desiiral 
strength there is just no point in preseniing tahlea^ no matter how they 
might be corrected for comparative weights, for the plastics are 
woefully inferior to metals in these respects* 
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THE CA^E FOR PLASTICS 

Fflced by this of comparatiTe performaiicej why don't plastics 
fold up and leave tlie field of engineering materials entirely to the 
In ninety-nine cases out of a hundred^ when a plastic material 
is faced with a really severe service application of an engineering na¬ 
ture it does fade right out of the picture—unless the stronger metal 
has its own handicap (such as poor resistance to corrosion or even 
electrical characteristics) that may be even more serious than the 
mechanical deficiency of the plastic^ 

Fortiniatelj for plastics there are enough npplicatious for which any 
material will have enough strength if it can be dropped sis times from 
the height, of a table to a concrete floor without breaking* Certainly 
if you can design around comprffisive st-renglh^ almoM any kind of 
thermosetting plastic material, except plywood* will give the best re¬ 
sults on a pound basis. Under tension^ plywood is right up in the 
front fighting it out with the leaders in the metal world on a pound- 
fcpr-^pound hasis^ asking no quarter and giving none* That is the 
reason the famous ^losquito bombers are made of plywocpd (actually a 
difTerent kind of wtx>d for each part of the i^tructure, birch in one spot, 
boxwood in another^ etc.)* 

Plastics have a few outstanding service qualities where these pre¬ 
viously mentioned measures of gtrength are not all-important. One 
of these is abrasion resistance* Ammunition chutes of laminated 
phenolic outwear steel. Plastic gears are not only quieter but wear as 
well as steel. Under impact plastic sheets won't dent and gradually 
deform before failure, but will just break all of a sudden, while metal, 
although it will not fail completely, will get battered out of any usable 
shape. PlnsLic& will dampen vibration better tlian metals^ too, which 
means less noise, or the avoidance of synchronous beats set up in other 
parts of a machine. 
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Sheets of plastic cannot bo drawn to new shapes os easily ns metals, 
but usually when odd shapes ai'% wanted they can be created in plastics 
before making the sheet itself; in other wori?, sheets of metals are raw 
materials suitable for a great deal more working than sheets of plastics. 
The plastics man starts one step back of the sheet, uses the same basic 
material and pre-fonns it to the desired shape instead of into the 
slieet itself. 

There is one unfortunate characteristic of plastics that occurs also 
in metals but not so badly, and that is creep. Creep (cold flow in this 
case} is the constant cliaiige In dimension under stress The thermo^ 
plft^ic plastics are strongly subject to it and therefore are avoided for 
stressed service; in the thertnoeotting materials creep is present but 
unless the material is used with practically no factor of safety it may be 
discounted entirely, 

CLASSES OP PUiSTICii 

In any comparison of plastics and metals it should be remembered 
that dierc are many types and forms of “plastics-” All plastics are 
divided into thermosetting and thermoplastic types- The first group, 
the themosetti^, are somewhat like concrete in their internal action. 
As mw materials they will first soften under heat and then harden. 
Precticnily no furtlier softening will taka place right up to the charring 
point. A part once molded wrong might ns well be scrapped, since the 
material mnot be used over again. (Like all technical staternenta, that 
one must immediately be qualified. It has been reported that the H. J, 
Heinz Co., of ST-variety fame, developed a liquid Uiat would soften 
a completely cured phenolic part, than which there is no more com¬ 
pletely set item thinkable, so tliat the part could be mnnipulated by 
hand, and would come back to its original hard state when dried. Also, 
some of the airplane companies on tlie west coast have a process whereby 
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they can shape within certain limits laminated structnres that have 
been considered compktelj cured. With those reservations our defini¬ 
tion of thennosetting is still good.) 

The thermoplastic materials, the other general class of plastics, are 
those which have the quality of softeniiiB under heat and haidening 
when cool; a simple analogy in tliis case is paraffin. 

The thermosetting group are usuable on an average up to around 
300® F.; some w ill go to400® F, The moldable materials thatgoabove 
those figures are based on cement binders as a rule and are not dossed 
os plasties. Thermoplastic materials, as a rule, are not rated much 
above 130® F. although the laboratories promise some that can be 
boiled, for production in the near future. 

There is one outstanding characteristic about metals that we who 
handle plastics regard with wistful envy. The word “metals™ covers a 
number of different materials and everybody accepts that fact without 
question. So does the word “plnsttcs,” but few people seem to recog¬ 
nize thtit fact. Perhaps an illustration will make aignifionnee of this 
statement clearer: 

Suppose the hardware stores stocked ordinary house gutters of two 
or three different kinds of plastic materials, and that John Doe decided 
to buy one end bought the cheapest he could find—^to be specific, one 
made of cellulose acetate. On on August day in Philadelphia it would 
probably sag from the heat and become useless. The odds are that he 
thought of the gutter as **pkstica’^ rather than as (m aest^e pl<isUef 
and when it proved unsatisfactory he would simply condemn all plas¬ 
tics and decide never to buy another plastics gutter. 

On the other hand, suppose he bought & cheap black iron gutter and 
in 3 or 4 months that gutter rusted out. Again the odds arc that he 
would merely scratch his head and admit that ho should have known 
better and bought a copper gutter in the first place. He definitely 
would not have condemned met^l gutters. 

The moral is that we to whom plastics are bread and butter have 
been tax in educating the public to the fact that there are a whole scries 
of plastic materials, each of which h:is a different set of qualities, so 
that if a wrong application is made of one of the series (and there are 
bound to be mistakes made) the whole class of plastics will not be con¬ 
demned, We should begin that education with engineers and then 
try to make it filter down to the general public. Unfortunately, even 
some etigineeta disparage plastics genoroUj because they made a mis¬ 
take in the choice of one of the line, 
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Table 4.—Moduli of oloMMtff In ioniltm and tptdfk pratiueo of plaiUet 
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BPECiFiC MATEIUlLS 

A recitation of mntiy branches of tbo plastics family tree may help 
to clarify tlie possibilities of future appUcatioiis and their relations 
to metals. Tlie two basic class ideations of thermosetting and thermo¬ 
plastic are merely bcliavior classifications. First let us remember that 
plastics arc tlie children of organic chemistrj^—permutations and 
combinalions of the five elements carbon, hydrogen, oxygen, nitrogen, 
and chlorine, with minor assistance from many others, 

Tlie top division among plastics would group them into rigid 
and noiirigid, rigid plastics being those which require substAntin! 
force to deform, and which show only o moderate deformation under 
the stress of usage. This would pixibahly tiiean an elongation in ten¬ 
sion of less than 100 percent and possession of apiireciahle fleicuraL 
strength, Tliis is the general class of materials meant when we 
talk about plastics. The materials that lie outside the rigid group are 
the elastomers such as the Bunas, Butyl, Thiokoi, Kcoprene, and the 
like. 

The rigid plastics may then be divided into three general groups, 
the thermosetting resins, tlie tlicrmoplastie resins, and the cellnlosic. 
Even after that break-down we should perimps rcoogniie a fourth 
and straddling group of *hiaturar' plastics to accommodate such 
materials as lignin, casein, cashew nuts, redwood, coffee, and such. 

Among the thermosetting resins (here are phenol formaldehydes 
(comnioiily called phenolics), phenol furfural, urea fortnoidehydes, 
and melamine formaldehydes. They are all furnished to the molder 
or laminator in a prelimtnaty state of chemical change iind are com¬ 
pleted or cured by the heat applied in the forming operations. A 
chemical reaction takes place in the mold so tliat when they come 
out of the mold or laminating press they are different chemically 
from the materials that went into the presses. Each wilt maintain 
its new identity indefinitely if jiropcrly treated. 
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The thermoplastic group is the one that constantly fills the head¬ 
lines and carries most of the glamour today* It is the one that fur¬ 
nishes tlic shoe soles, the shower curtains, the transparent food pack¬ 
ages, and so on. In it are the acrylates of bomber-noso fame, styrene, 
polyethylene, nylon, viiiylidene chloride, and the vinyl family—a 
most versatile group of chemical relatives who can do almost any¬ 
thing, including belonging to either the thermosetting or tliermo- 
plastic cla^ at the command of the chemist in charge* 

Then comes the cellulosJc section, made up of cellulose acetate, cellu¬ 
lose nitrate (Uie forefather nf them all, hut a fre([uent problem be¬ 
cause of its inflammability), cellulose acetate hiitynite, and ethyl 
cellulose, ol» of the latest comers. These ate not resins, but com¬ 
pounds* Each has been loaded down with a lubricating agent, of 
which the chemist has a list of a couple of hundred at his fingertips. 

Finally there is that catch-iiM class, the naturals, Kature uses 
the same general formula that the plastics industry uses. All things 
inanimate that grow' consist of a filler (cellulose) and a binder (some 
sort of lignin}* Tlmt binder has tempted the chemist mightily ever 
since plastics became good headline materials. Coffee, soy beans, 
cashew nuts, waliiuts, redwood, all have been found to have possi¬ 
bilities* All seem to contain sonieihing resembling a1deh3'des or 
phenols in their comptisilion. Tliey hove been successful in coatings 
and in large sheets for wall boards but the basic formula is not con¬ 
sistent enough to show any particular promise in molding. 

If the field of competition between plastics and tuetals is small, the 
question naturally comes up as to whether metals and plastics should 
merely pass each other by with a nod. Definitely not. The main use 
of plastics today and in the future ts coniidementary to metals. 

Plastics must add to metals the characteristics that metals lack, 
and they are already doing just this in many surprising ways. Plas¬ 
tic quick-drying vnmishes put the automobile into the low-price clofs 
it had to hit if it wanted volume. Remember when it took weeks to 
finisli a repaint job? Busy weeks too, on the part of the painter, 
weeks spent in rubbing down successive coats and careful drying in 
between. Now Ihe dipped or spray sections are dried progressively 
in tunnels. Imagine, if you can, Uiousands of cars per day under the 
old system. 

In automobile hardware we have the ideal illustration of the com¬ 
bination of desirable qualities in metals and plastics—die-cast zinc 
alloy cores for door Imndlcs covered with thermoplastic colors, warm 
to tho touch and everlastmg, the strength and rigidity of the die- 
cast metal counteracting the tendency of the plastic to droop in heat 
or under too much presiure. Business ntachines of all kinds have 
metal bases for rigidity, metal gears for smalt, strong sections, and 
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plastic parts for ccnDplicaticios and housings^ Plastics can Uasadlc 
electricity but welcome metal for protection and for the bosses that 
are fastened to the wall Airplanes have hundreds of plastics parts^ 
where the light weight really does a job, but combmed with metals 
where metals are lielpful from tlie strength standpoints The list of 
such combinations is endless. 

I recently saw an ad-plastic alarm clock, a completely illogical try 
if ever tiiere was one. The combined cost of molds and molded parts 
would have placed the selling price at four or five times that of any 
much better metal dock. And yet there are good reasons for dock 
cases Qni^ed In plasties. Colors the low cost of intricate shape, 
warmth to the touch, etc^, in combination with the basic metal design 
make a salnble article^ 

In considering plastics as design materials, therefore, please re¬ 
member two things; First, there are many plasties, just as there are 
many metals; if one plastic does not prove the answer to your problem, 
look around a bit and see if there isn^t anotlier that ia more logically 
suited^ Second, include plastics m your design thinking as a com¬ 
plementary material to your metal esperienco; investigate every pos¬ 
sibility of combining a metal and a plastic to utilize the best features 
of each. 

The very fact that plastics production is only 350,000 tons i 3 er year 
compared to the relatively enormous production figures of metals {M 
millioD tons of steel, 1 million tons of aluminum, etc), tied to the 
widespread discussion of plastics in the public press and in engineer¬ 
ing magazines like this must mean only one thing; no material with 
that small a volume could get around enough on its own steam in the 
last 5 years to make the impression that plastics have already made; 
the esplanation is that the most important applications of plastics 
have been in com bination with their bigger brothers, the metals. 
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1 ITLI^JCTIQH-MoLPES FieESTOS PLASTICS PAHTS AHE CPmsinedWITK METALS 
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THE MINERAL POSITION OF THE UNITED STATES 
AND THE OUTLOOK FOR THE FUTURE^ 


Bt It-MEK W. FeHI^S 

and St^tUHci Brnnch, Bwrcail of IFlrrcff 


The experience of the past 5 years again has awnkened the national 
conscience to the importance of our mineral resources. The devastate 
ing effoctirenesg of modern weapons made from metal and propelled 
by mineral fuels, the minenil shortages that hate at times threatened 
serious reperemabns on the battle front, the scarcity of tho modem 
conveniences to which wo have become accitstomed^ and fuel and gas- 
oUne rationing have bmught home with emphasis the tremendous im¬ 
portance of minerals in modem life. Without its mineral resources 
the United States would be restricted to an agriculturaUtype economy 
capable of supporting considerably less than the 13S,0(M,000 people 
now living within its bonders at a standard that is the envy of the 
world. These same resources permit the 7 percent of the world^a 
population residing in t!ie United States to do 40 percent of the world^s 
work. The fact ia that we owe our industrial and mllitnry power to 
our great mineral resources, the equal of which has not yet been de^ 
veloped in any other like area of the globe^ 

Possession of such wealth is of course an outstanding national 
but it is one tJiat also could have serious implications for the future. 
This ariosos from the fact that unfortunately mineral deposite are ex¬ 
haustible, from which it follows that the faster we grow in industrial 
strength and military potency—a growlJi made po^iblc largely 
through increased mineral output—^tho faster wc liquidate the very 
basis of our power. Tliat power must be sustdned not on]}' to assure 
our economic weU-heing but also to pcruTit us to discharge effectively 
the greater responsibility in international affair that will come to us 
in the postwar years. It is in keeping with Ihe times, therefore, if 
tonight we endeavor to upprai^ie our present mineral position and ex¬ 
plore the outlook for the future^ andj in view of the e|X^cha! decade in 
world affairs that lies ahead, it ia essential that wc do this with realism 
and candor. 


* PmicLfit(>d bcfirtc tht New Toric AiDfrlaili liJsdtBC# rtf Mnd JlEfnlTttffilcmJ 

Eit|!nEfni. F^r^rr IPr 1040. robllntih] hj [wr»lfnhfi at tbe nimlor. U. a. Bunku 
¥lni4i, M«tifilatod bj permtvilDn fr^m HlDEnt find MetHInrtf, April 
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of these viewpoijita h correct nnd tliat we are far from eibauation of 
those minerul nsouit'es that arc basic to our industrial economy. How- 
ever, e^aiistion is welJ advanced in a number of important stibsidlarv 
mmemlB so that we can no longer drift along with the casT-gomE 
philosophy that the earth will provide. The time has conid when w? 
must recognize the true situation and do somethiniy about H 
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expansion op minbilm, production rapid 

The^vi^m,^ nnomer in which the United States has forced the 
earth to yield its mineral treasure is attested by figure 1, which shows 
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th« growth of mineral production from 1880 to 1M4. During this 
period the anmifll output ro^te from less than onC'holf billion dollars 
to eight and one^half billion, » giscteenfold increase. During the first 
tw’o decades of this period there was a relatively slow rise in produc- 
tion, but w'ith the turn of the century a rapid advance set in which 
was further stimulated by World War I and the succeeding boom 
period. Since 1900 mineral production in the United States has ex¬ 
ceeded that of the entire world prior to that time. This period ter¬ 
minated with the collapse in tho latter part of 1929 following which 
there was a precipitous decline to 1D33 and a substantial recovery 
thereafter which was carried to an all-time record production in 1944 
by the war. It will be noted that since 1915 the production of mineral 
fuels has achieved outstanding significance, this being due lai^ly to 
the rapid rise in petroleum production and the accompanying growth 
of automotive transi>oi’tation. MetJiLs have ranked second in im- 
|x>rtance in recent years, with the nonmetals other than fuels holding 
third place. The importance of metaTe in war is clearly indicated by 
the peaks experienced in both wnr periods. 

^ide from these direct contributions to the national income, the 
mineral industries have employed hundreds of thogsands of workers. 
In 1000 it is estimated that 500.000 persons were gainfully employed 
only in the extraction of mineniis, By 102.3 employment had reached 
a peak of 1,080,000, following which there was a decline to about 
660,000 in 1Q43. Increasing mechaniuition and other improvements 
in mineral iecimology iinve greatly incrensed the output per worker 
60 that compared with 1923 it was possible in 1044 to obtain a third 
more output measured quantitatively, with a third less workers. The 
processing of minerals and tlie services required by the mineral indus¬ 
tries give employment to several hundred thousand more workers. 

Figure 2 compares the growth of the physical volume of mineral 
production with that of agricultural and industrial protluctlon and 
popnlation from 1900 to 1944, It will be noted that prior to 1940 
mineral output and industrial production were closely correlated and 
increasing faster than the growth in population. Expansion in ngri- 
cultural production, on the other hand, more nearly approximated 
the population trend. Since 1040 there has been grciut disparity be¬ 
tween the mineral and industrial trend lines. This is due to several 
factors, amon g which are the greater use of imported minerals, which 
is reflected in the industrial indexes, but not in the mineral Indexes 
used in constructing the chart, and in part by the fact that the mineral 
index does not include certain commoditiee such as aluminum and 
magnesium, production of which has increased greatly during the war. 
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Figure 3, which shows the dollar value of imports and esporta of 
minerals and mineral products, indicates that wb have been generona 
in making our minetals availahlo to the test of the world. Foreign 
trade figures include some semifahricated products tlie dollar value 




of which iJcr unit of mineral ia relatively high compared with 
mterid.. Tbe Ao™ ta tt. ch«, Wrefon., « 
dtrccUy compatible with those given for niinaral production. 
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NEED FOR APPRAISAL OF MINERAL RESERVES 

:ni6 unprecedented rate at which we have been depleting our min- 
^ r«»„™s .„d the diffl.rtia in obL4 



















































































nimcrals to sustain the war prw'jram have focused attention on the 
need for reviewing and clarifying national mineral policy, 'rhis in 
turn has indicated the need for an appraisal of reserves, for such data 
obviously are n prerequisite to au understanding of the mineral prob¬ 
lem. As a contribution to this objective the Geological Survey and 
the Bureau of Mines b^gan a study of available information on min¬ 
eral deposits with a view to preparing estimateis of national reserve:* 
This work has been under way for over a year and an mitinl report 
will be complct4^ shortly. I am indebted to Pr. W. E. 'ft nillinr, 
Director of the United States Geological Survey^ Sayers, 

Director of the United States Bureau of Mines, for permission to use 


FEouti: 3.—Value United Slate* Imports and Giporls of mlnernla and nilncnl 

prndnets exeliiBivf? of ndTanced mantjfactiirea, 1900—43. 

a preliminary summary of the study* Tlie stimates were prepared 
by geologiKts and mining en^neers in the two Bureaus^ and to them 
nui 4 Jt go full credit for tho results that have been obtained* Tliose 
of you who have sttolgglcd with the problem of evaluating tlie re- 
serves of a single mine can readily appreciate the problems involved 
in appraising the reserves of the entire country. Tlie Geological Sur¬ 
vey, since Its creation in ISBO, and the Bureau of Mines, since 1010, 
have been gathering itifomiatjoni on our mineral Lndustries!, and fol^ 
lowing the passage of the Strategic Material Act in lOSO th^ has 
been extensive activity in exploring deposits of “strategic^ minerals, 
Tht analysis of theso data and the prcpanition of tho estimates hava 
required much painstiiking research and careful analysis os well os 
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the es^rcise of soiijid oiid objective judgment. While acknowledging 
this outstanding contribution of my colleagues, I must absolve them 
of any responsibility for the comments herewith as to the national 
signilicance of the estimatijs, us tliese represent largely my own views. 

It would I» easy to avoid the resfKmsibilky of estimating national 
mineral reserv*es on tlie pounds that there are so many unpretliclahle 
and unforeseen factors involved in the occurrence and discovery of 
mineral deposits that it is futile to be specific on a (quantitative baslsi 
However, despite the limitations in estimates of this kind, I believe 
it is helpful to have well-informed men make available their opinions 
on the magnitude of our reserves as such information provides a 
practical basis for discussion, aioreover, many basic decisions on 
national policy will have to be made by our leaders within the nest 
few ycare, and those decisions can be made more wisely if tlie objective 
judgment of esiierts is available. Tlie data to be presented this 
evening represent only the highlights of the reports prepared by these 
men. They should be used with the nndei^tatiding thut reserve 
estmiatw are ^ibject to ebange even under the best of conditions, 
particularly when aticmptcd on such a broad scale. The estimates 
therefore rcqiresent preiiminary figures only. 

BASIS OP flESERtT? ESTIMATES 


In attempting this appraisal of our mineral position major emphasis 
has been plared on those reserves that are nvailnble under present 
economic conditions and technologic practices. They may be referred 
to broadly as “comraerciar’ reserves. Future stipply-demmiii relation¬ 
ships and prices as well as progriss in mineral technology are not sua- 
ceiitibla to imsnre determinationij. Consequcnflv the wonomic and 
rehnical factore involve,) in estimates of commerc'ial reserves in addi¬ 
tion to the ^kjgical factors, mixst be analyretl in broad terms. The 
data available do not permit detailed estimates within various narrow 
price ranges. In general, the estimatca may be considered as repre- 
^nting reserves nvailable at g,«d prewar prices, although some of 
t hem are predicated on moderately higher prices 
Company reports and other public Etatements on mineral reserves 

quantities as arc practically asBure,! on 
the basis of engmre,mg da!a. Tlicy, therefore, present m, estremelv 
con^rvativenpprai.'ial of twtentiul mineral supplies and are apt to W 
mmicadmg if tl.ey are not used in proper J>ersU*ive. 'Jo p^m a 
more picture of our mineral potential, the Sureev-Burcmi 

oril'J h evaluated commercial reserves 

™Srt^at"r'" W «3ing the official 

,lefinitions that have been ^tabljshed for these categories. Notable 
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f;iceptioti5 nre petroleum and natnml gas, for which it was felt that 
available data did not permit esthnates of inferred reserves with any 
acceptable degree of accuracy, 

UNCEttTAlNTY OP FUTUHB DISOOTEBIES 

In appraising the significiince of present estimates of commercial 
mineral resen'es, cons!deralion be given to tlie poasibilities of 

discovery not contemplated in the infetred ore included in the esti- 
mates. We may start with the assumption that the potential mineral 
areas of the Nation hare been iieavily pros{>ected and most of the sur¬ 
face deposits or those whose presence is indicated by superficial 
phcnoinena already have been found. This assiunptiou is substan¬ 
tiated by the decline in new discoveries. During the past 2 years, mucli 
attention has been given to the failure of petroleum discoveries to keep 
pace with the rapid rate of depletion The rate of discovery of 
metniliferoiis deposits has been declining at an alarming rate for half 
a century. It is significant to note that no major metal-producing dU- 
trict comparable to Butte, Bisbee, Home^take, or the Coeur d^Akne 
has been brought into production in the United States since the active 
development of the Picher-lfiami lead-zinc deixksita of the Tri-State 
area about 191C. There have been few important copper discoveries 
in the present century. Motil of the large deposits producing today 
w^ere known before l&OO* The largest discovery suice then has been 
the United Verde Esiteiision mine at Jerome, Ariz. The production 
from this property was relatively insignificant in terma of national 
needs, the entire output in the £0-odd years the mine operated having 
amounted to only a half-year supply at normal rates of consumption. 
It is true that new mines have been developed, but the large ones were 
the restdl of the application of improved technologj' to dej>osits whose 
presence had been known for many years, and die small ones in the 
aggregate contribute but a small part of the national requii'ements. 
Future additions to the national reserve will depend largely on the 
success achievcf] in utilizing known low-grade deposits not available 
economically at present and the discovery of deep-seated or concealed 
deposits, the presence of which is not easily discerned. Progress in 
convert lug subniarghial resources into commercial reser^'cs can be 
made through r^arch to improve methods of extracting and process¬ 
ing minerals and to reduce costs. Higher prices also can be an im¬ 
portant contributing factor. 

Progress in the field of new discovery depends upon the success nt- 
lained in developing effective and economical methods for finding 
deposits not rwiognissable 11*010 surface indications alone, Subfitaritial 
quantities of ore occurring under hea^y cover have been found by 
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ucdergroimd exploration conducted in active mining areas, and geo- 
phj^col methods guided by intelligent, detailed geologic advice have 
been very successful in locating petroleutn deposits. Further de¬ 
velopment of concealed resources by a combination of these methods 
is andcipated but the days of easy and accidental discovery are about 
over. Prospecting by geophysical methods is costly, and as the old 
mines play out, underground prospecting ceases in the well-established 
producing districts. Additions to koown or inferred reserves of most 
minerals, therefore, depend on technologic progress and the success 
of exploration that is carefully planned and scientifically executed. 


aXHAUSTlOM OF OOUMERCIAL RESERVES AS OF 1944 



Fiocbe 4.—Gliart abuwinff proportion Of eotlointed ortslaBi eommerebil reaerras 
(meaeuretl, tnCIcated, and Infcmd) of certain laliierals In tbe United States 
rcmnlDlDS as of lOH, 


The effects of these prograjas on our mineral reserves obviously can¬ 
not be evaluated with assurance at this time and opinion varies vridely 
as to the prolwble outcome. New deposits undoabtedly will be found 
as will extensions to known ore bodies not contemplated in present esti¬ 
mates of inferred ore. In general, however, I am inclined to believe 
that the risks and costs involved are too great to wammt the assump¬ 
tion that our present estimates will be increased greatly through future 
discoT^. In any ev^t, it is evident that the outlook does not justify 
determination of national policies solely on the expectation of lurim 
additions to our commercial reserves tlireugh the discovery of new 
deposits:. *' 


HESEBVICa OOMPAJiED WlTB PAST PRODUCTION 

To indicate the approiimate degree of exhaustion that has occurred 
to date the estimates of remaining reserves are compared in figure 4 
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with the original reserve, which was determined h^ adding the total 
production through 1943 to the roserre estimatea as of Januaiy 
1944. The chart includes 2d of the major industrial minerals for 
which reosonablj reliable estimates can be made. It does not inclade 
building materials, with which the United States is amply supplied, 
nor does it include some important minerals of which the United 
States is notably deficient, such as tin and nichel. 

Outstanding features of the chart arc the relatively favorable po^ 
sition in coal and the fertilizer materials, and the relatively depleted 
state of our metallic reserves. There has been no eahausrion of the 
original reserve of magnesium and nitrogen, the supplies of which 
are virtually inaslmustible, because of the abundance of brines and 
ocean water from which we obtain magnesium, and of air from which 
we extract nitrogen and other valuable elements, Air and water an 
two minerals whose importance should not bo overlooked altliougb, of 
course, they present no reserve problem. At the other extreme is 
mercury, of which it is estimated that only 3 percent of the original 
commercial reserve remains. This metal presents on interesting il< 
lustration of the relation of production and price. Production reached 
a peak as far back as 1877, when the United States was supplying most 
of the world. Since the lost war we have been heavy importers yet the 
stimulus of high war prices—over four times those of 1877—has 
brought forth a surprisingly large output in the last few years. The 
percentages shown for natural gas and petroleum am based on proved 
reserves only, which tends to exaggerate the depletion that has taken 
place in these industries. The exhaustion indicated for antimony, 
manganese, and chromium are of nominal significance only in view of 
the fact that domestic resources have not mads important contribu¬ 
tions to national requirements as will bo shown later. Somewhat more 
significant is the situation shown for tungsten, vanadium, and bauxite, 
although we also have been large importers of these materials in the 
past The position of iron ore is a matter of some concern from the 
long-range view because of its essentiality to our industrial structure. 
Of more immediate concern is the depleted state of our copper, lead, 
and rinc resources and it is also apparent that we have drawn exten¬ 
sively on our commercial reserves of gold and silver, 

reserves COMPARIXf WITH PREWAR 0O> SUMPTION 

Figure & shows the estimated commercial reserves of various min¬ 
erals in terms of years* supply at the average annual rate of consump¬ 
tion from 1935 to 1939. The data should not be interpreted as indi¬ 
cating that production large enough to meet the prewar rate of use 
could bo sustained for the periods indicated. Many of the minerals 
shown are not now being produced in quintiti^ equat to domestic 
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roquIr^itK^ntSf juid as depletion progresses the ma3£imuEii or opthiium 
rate of production decliues for reasons that need not be di^ussed here. 
The availability of those niineraLs that ate essentially byproducts^ 
such as aJitimony and si Ivor j is further restricted by economic and 
technologic factors that control the rate of production of the other 
minerals ’prith which they an? associated. Nine of the 33 minerals 
shown on the chart are nvailahle m quantitif^ equivalent to more than 
a 100-year supply at the prewar rate of use. Only four fall within 
the Si>-to-100-year supply bracket^ wdiLle eight qualify in the fh-to-SS^ 
year group. The reserves of the remaining 12 are small, representing 



Fiavoi Coaunerclul reseirrea of cenain. mineniLB as of 11^14 Id 

tpriiis rif 5^0re life nt BTPrage annual rate vt cOEu^iiiiptlmi lDQr^30. 


]ess than u 5-jeiir supply. Tlje significant point is that if we make 
a division at the 85-year level, a period but little more than the usual 
interval between wars, 21 of the 33 minerals fall below the line, and 
this group includes petroleum, copj^er, lead, utid zinc in the production 
of which we have led the world for many years. 

The rate of production the remaining reserves can support in the 
future is no leas imjiortant than the size of the rewerve. Production 
of those minerals of which wc have over a lOO-jreiir reserve could be 
expanded to meet any demand that can reasonnbly be eijwcted. Mod¬ 
erate expansion of post war prtKluction of sulfur, fluorspar, and natuml 
gas over prewar peak rotes doubtless could be aceompUsbed if just ified 
by economic conditions. It is doubt f ul if copper production could be 
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expanded much over present rates and a decline is anticipated in a 
decade. The productiou of ^wtrolenm alreadj is reported to have 
reached or exceeded optituum rates and any increase iu output ut this 
time would be at the expense of efficient recovery. For the remaining 
minerals shown on the chart decreasing rales are likely within a rela¬ 
tively few years, 

SUB MARGIN AL RESOURCES 

llie foregoing analysis indicates that some of our ^hlue chip^^ min¬ 
eral re^urces Imve been depleted to a critical point. This raises a 
question as to the possibilities of developing oursubiriarginal r^ources, 
the order of magnitude of which b shown in figure 6. In this chart 
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an attempt has been miide to show the years-supply equivalent of sub- 
margin n] and higliiy speculative resources* Tlie availability of these 
resources varies consicJcmbly but on the whole is remote because of 
uncertainties in basic estimates^ higli costs of rccoverj^ or technologic 
problenis involved in their utilizatioiL AUhougli they represent A 
gubstatitiiil potential nationnl asset and offer a fertile field for research 
most of them must lie considered as largely unavailable under any 
economic condit ions that can be anticipated^ at least in the next quarter 
centuryp 

Comparison of this list with figure 5 reveala that with few notable 
exceptions subraarginal reserves are roughly proportionate to com¬ 
mercial reserves. No estimates of submarginul resources of coal are 
nvaitable^ but in view of the large known quantities of commercial 
coalj such estimates would of academic interest only* Noncom- 
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tnercial resources of nitrogen, magnesiuiu, aud salt for practica! pur¬ 
poses may bo regarded os limitless and also of academic Interest at 
this time. Potential reseires of phosphate rock, tnolybdenmn, potash, 
iron ore, and all forms of sulfur are significant because they assure 
ample supplies of these important raw materinb for nuny years to 
come if we are willing to pay the price for them. The large sub¬ 
marginal resources of baindte, manganeSG, and Tanadium afford a 
measure of safety against possible shortages of these strategic ma¬ 
terials in future omeigcncies and erentuaUy may even provide peace¬ 
time industries. The baurite in this category is largely high-silica 
and high-iron ore that cannot compete with high-grade foreign ores. 
In addition to this off-grad© baniite there are large quantities of other 
minerals to supplement our submarginal resources of raw tuntermls 
for the production of aluminum. Flake graphite is available in fairly 
large quantities but it is of low quality compared with foreign ma¬ 
terials. Its use would b© costly and the products made from it inferior. 
Tlie position of petroleum on the chart is based on the statement of 
■VVallace E. Pratt that the ultimata production of the United States 
ehoutd total at least lOO billion harrels. Obviously this must be re¬ 
garded ne highly epeculative. From the long-range view, the sab- 
marginal resources of the other minerals appear to offer only moderate 
expectnlions of an improved reserve position in the future. This 
group includes such important materiols as copper, lead, ainc, tin, 
nickel, and chromite. 

Because of the many mjccrtain factors involved and the limited in¬ 
formation available on submarginal resouroes, the foregoing con¬ 
clusions must be regarded only as a very rough indication of th© 
possibilities tliat are apparent at thift tim © . 

OUTLOOK FOE THS FUTDEE 

With this appraisal of our mineral resources in mind we may ex¬ 
plore the outlook for the future in more detail. Coal is the prireless 
ingredient that protects the industrial health of the Sation; it is the 
Nation’s number one asset, although our agricultural friends might 
dispute this assertion. Iron ore certainly ranks second among tha 
minerals, and because of the widespread use of the internal combus¬ 
tion engine we must accord petroleum third place. These three min¬ 
erals being of outstanding importance merit special consideration* 

C oof,—The five great centers of industrial and military power have 
developed around large coal resourcee. The United States, England, 
Ru^ia, Japan, and Western Europe are the principal coal-prodacing 
repons of the world and owe their position in world affaire largely 
to that fact. Coal is tssential in tie production of steel and mechanical 
power and these are the primary requirements for industrial develop- 
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ment. Tbe United States is fortunate in having the largest r^rve in 
the world, but the tremendous contiibution of coal to the Nntion^s 
welfare is too little appreciated bj the public, which is prone to regard 
the coal industry os an occasional source of annoying labor-manuge' 
nienC disputes and disagreeable fuel shortages. We have no serious 
difficulties of supply in sight, although the reserves of high-grade 
coking coals are none too plentiful and may present some problem in 
the nDt-.too-distant future. Our disposition to take coal for granted 
because of the magnitude of the reserves is illustrated by the fact that 
little reliable information is available on our coking-cc^ reserves de¬ 
spite the fundamental importance of the commodity. The same 
apathy confronts the conservatiotiist who views with alarm the SO- to 
40-pGrccnt average loss of coal sustained in mining. Some of this loss 
is unavoidable, but much could he prevented if economic conditions 
in the industry permitted. Conservation can also be promoted through 
further progress in the technology of coal use, and some have ques¬ 
tioned the wisdom from a national viewpoint of consuming limited 
reserves of high-grade coking coals in noncoke uses. If we are to 
turn to our coal resources for liquid fuels in the future, the rate of 
exhaustion probably will more than treble, and the need for conserva¬ 
tion will bo correspondingly greater. 

While we have used up a substantial part of our anthracite, our 
basic position in coal is outstandingly good, although it would seem 
that a wiser Kation would use its reserves a little more prudently 
even though the day of reckoning on shortages is centuries away. 

Iron. ore .—^Iron ore ranks second to coal in national importance only 
because experience indicates that steel-making slightly favors the coal 
areas. Four of the five great centers of industrial power have out¬ 
standing iron resources. Japan is notably deficient and has attempted 
to overcome tliis weakness through aggression and commercial expan¬ 
sion. The United States is well supplied with iron ore, although the 
reserves do not match those of coal by a wide margin. It is ugHm iiffd 
by Ernest F. Burchard of the Geological Survey and Albin C. Johnson 
of the Bureau of Mines that the reserves of iron ore of present com¬ 
mercial or usable grade total 5,418,000,000 long tons, of which about 
a third is classed as inferred ore. Total production through 1943 was 
2,013,000,000 tons so that 68 percent of the original re.serve, based on 
piwnt climates, still remains. Opinions differ as to the price at 
which this ore is available but it is believed that it can safely be as¬ 
sumed that virtually all of it could be mined at prices that have pre¬ 
vailed in the past or at moderately higher prices. In addition to thm 
commercial reserve there is a potential reserve of 63,000,000^000 tons 
of submarginal ore, the ntilization of which will depend on tech¬ 
nologic advances and economic conditions. 
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Figure 7 sfio’ws the geogriiphy of the reserves, prodiictioii, and mn- 
sumptio^ of iron ore. Tlie imporiunco of the Lake Superior district 
fts a source of supply is ob^dous. Its proportion of commercial re- 
serrcs, howeveCj is considerably less than its share of current produc¬ 
tion, which fact indicates that the relatively more favorable r^erve 
position in the southeastern and nortlieastern regions will bring forth 
a sotmewhat larger pro|}ortion of production in those areas in the 
years to come. The concentration of ironH>re coiv^umption in the 
States bordering the Great I^kes may be expected to continue with 
minor modiBcations for many yeors. The steel industiy in this region 
is soundly based on the proximity of i.-oid and iron ore and a tremcn- 
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ment of north^ierti iron ores will cause little if any change m the 
geography of steel production. Abderate expansion on the seaboard 
j»eni5 probable. The expniision that may result irom the favorable 
reserve position of the sfiutliesstem States and the postwar operation 
of the new plants in tlie West will have only liniited effects on tlie 
present patlcrn of steel ijroduftion. The situation in the more distant 
future will depend on national policies which probably will be de* 
tennined by the success acliieved in developing the low-grade ores of 
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Figure 8 sUows the ptist production of pig iron and iron ore and 
an appraisal of the possibilides d u ring the next qua rter cent ury. Tlie 
forecasts for 1970 were boHed on an analysis of the probable demand 
for steel assuming that i)erH:apita consumption in 1970 might lie be¬ 
tween 0.60 and 0.T3 shoil tons. These represent increases of approx¬ 
imately 25 and 60 percent over the prcdeprus^on rate of 0,48 tons. 
With a population c»f L5{1,549,000 in 1070 steel requirements would 


PmtntE S.^Pjr(Hrnctt«n of Iron ore iin<l pljj Jroa iti the United States, leoo to 
11H4, and range of producttoa^ ta 1970. 

be between 04,CNX)sOCXl anj ll5,CN)OjOOO short tons, the lower Bgnre ap¬ 
pearing to be the most acceptable estimate. At the normal opemtiiig 
rale of T5 pci-cenl of capacity, plant requirements would bo between 
iSfijDOOjOOO and 150,000^000 tons. Tlie present installed capacity Is 
93,500.000 tons. 

Pig-iron lequiremcnts in 1970 were computed on the assumption 
that there would be a slight bierease in the use of scrap and a cor- 
rw^nding decrease in the ratio of pig iron to &leeL The latter was 
estimated at 05 pci'cent in 1970 compared with 68 percent during the 
paat decode^ On this basis pig-iron requirements in 1970 would be 
between 61,000,000 imd 74,500,OtW short tons. The present capacity 
is 67,500,000 tons according to the American Iron imd iStcel Institute. 

During the past 10 years the ratio of iron-ore production to pig-iron 
production has bran 1.72 to i. Assuming this ratio will c^QDtillUe and 
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Minnesota. It seenis probable that the huge iron-ore resources of that 
region will continue to be the outstanding source of iron ore for the stoel 
industry of the United States* 
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that imports will remain at the same proportion oa in the past, the 
iron-ore requirements in 19T0 total between 95,000,000 and 115/]00,000 
long tons. Alaximiuii production to date was 105,526,000 tons in 1942. 

While the total Iron-ore reserres appear to be ample to meet domestic 
requirements for a prolonged period, we shall eooti be confronted with 
a mfl]or problem because of the exhaustion of the dJltjCt-shippiog ores 
of the Lake Superior district, found chicdy in the Mesabi Bange In 
Alinnesota. This ore represents the cream of our resources because 
Die deposits can be mined cheaply and the ore used directly in the blast 
furnace without prior treatment. Direct-shipping ores of Afinnesota 
account for 50 percent of the total production of the country, At the 
1942 rate of extraction the remaining tonnage represents only iT-years’ 
life, and the rate of production will begin to decline in the near future. 
The problem is macle more acute because 90 percent of the production 
of these high-grade Minnesota ores come from Die open-pit mines that 
contain only 5T percent of the reserres, Exhaustion of these mines 
IS thert'fore raDier imminent. Declining rates of producDon at the 
open-pit mines enn be offat only in part and for only a few years by 
increasing the output of direct-shipping ore from underground mines 
and concentrates. Tlie total estimated reserres of commercial-grade 
ore in the Ijtike Su|>crior district is equivalent to less than 25-yeai:s’ 
life at the current nitcs of production. It is therefore: obvious that 
if the district is to continue to supply large tonnages, development of 
the low-grade ores must be started in the near future. 

The open-pit mines provide great flexibility in production because 
mining can be stepped completely if necessary with low maintenance 
costs and little adverse effect on production capacity, and it. can be 
increased quickly in periorls of hea^y demand. During the present 
wai' tills resource has been of inestimable value in making poseible 
our enormous steel output. The impending lose of this facility is 
thus a matter of major national interest because it has served as a 
gigantic stock pile which has supplied the needs of the Nation in times 
of heavy demand and national emergencies. If we are to become 
dependent on onr lower-grade ores we shall have to build large plants 
to treat them. Such plants provide rigid limits on production capadtv 
and if surplus capacity is maintwined to meet peak demand, depreeia*- 
tioii and obsolescence on a large scale will have to be rerkoned with 

Failure to develop the low-grade ores of the Luke SujJerior district 
eventually would lead to dependence on foreign sources of supply 
In view of the large tonnages required, the maintenance of shipments 
from foreign tources in time of war would present a major problem 
of national defen*. Because of this and the high essentinlitv of steel 
m war, it would seem unwise for the United States to allow its self- 
Eufficiency in iron ore to fall to dangerous limits. Presumably to 
maintain our present position would justify some extra cost to the 
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publicj but the consuiner caimut be exi>ected to assume an unreason¬ 
able burden on this account. 

Our position in iron ore presents a problem for the near future, 
but it is confidently expected that America a ingenuity and enterprise 
Ti'iJl solve it in a satisfactory manner, 

Pe^r&ltum.—To forecast future trends In domestic production and 
consumption of petroleum taxes the ability of the most ambitious 
crystal-gazers, Tlio difficulty arises in trying to reconcile the eitrtwjr- 
dinary growth of this industry with the rektiTely Umited reserves 
reported to be arailable. The American Petroleum Institute estimates 
known or proved leserves at approximately 20 billion barrels. Last 
year we produced 1.7 billion barrels of crude oil so that the reserve is 
equivalent to about a 12-year supply at the liH4 rate of extractioup 
Moat experts anticipate the discovery of more oil, but few of them 
venture a guess as to bow much or at what rate. Wallace E. Pratts 
estimate of an ultimate yield of at least lOO billion barrels already 
has been mentioned. On this basis we have a total speculative reserve 
of 7ft billion; 30 billion barrels have been produced to date. Even this 
quantity of oil^ however, provides only about a 40-year supply. For¬ 
tunately our chemical brethren have devised methods of niaking 
petroleiun products from abundantly available raw materials so that 
iu the long run we need not worry about shortages. For the time being, 
however, your daily newspaper gives evidence that current supplies 
are far from ample to meet aU demands although all military and 
essential industrial and civilian needs arc being met. 

I shall not discuss the present situation other thou to call attention 
to tlie concern expressed by some authorities over the declining rato 
of discovery* In dlscusshig this problem in a hearing on synthetic 
liquid fuels conducted by a Subcommittee of the Senate Committee on 
Public Lands and Surveys in August 154^, William B* Heroy, then 
Director of Besciwes for the Petroleum Admimstrslion for War, pre¬ 
sented an analysis of discovery experience from 1936 to 1913. During 
this period, despite increased geophysical work and wildcat drilling 
by the industry, the number of new fields reported increased from 
160 to 348 but the total estimated proved and possible new re^rves dis¬ 
covered declined over 75 percent; the quantity per field declined from 
148 million to 1.5 million barrels. In die latter year crude oil ptodne- 
tion averaged 3.8 million ban els per day. After pointing out that there 
were divergent opinions on tile outlook for future discoveries, Heroy 
stated that, in his opinioii, the facts did not warrant a defeatist atti¬ 
tude, but that the public and the industry should realize tlie bonanza 
days of oil disco very, for the most part, belong to history. 

Unless there is improvement in the rate of discovery', it would ap¬ 
pear that production may be expected to decline in die near future. 
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Against this ts the eTer-increasitig demand for petroleum. The per- 
cnpitu consumption has increased from than half a barrel in 1900 
to 12.1 barrels in 1944, with the upward trend continuing at a rapid 
nite. IS^o prediction of future trentls can be made with assumiice be¬ 
cause of the imoertainty na to various pertinent factors. It is believed 
in some quarters that the use of automobiles was approacliing satura¬ 
tion before the war, and that the increase in per-capita consumption 
of motor fuel should taper off. This use normally accounts for about 
4S percent of the oil consumed, the remainder being used largely for 
heating purposes. Higher prices that would most certainly result 
from a decline in crnde-petroleum supplies would have pronounced 
effects on the use of oil for heating and might influence the market 
for motor fuels. Tlie espectation of a sharp falling-olT in the rate 
of increase in per-capita consumption seems reasonable in the near 
future but iLs quantitative significance cannot be appraised. At the 
194-1 rate oil demands in 1070 with the anticipated 13 percent increase 
in population would be 1.9 billion barrels. Tliis would seem to be a 
minimum expect ation. 

Presently known petroleum reserves would not permit production 
to meet even the minimum demand 25 years hence. ITius if future 
discoveries fail to remedy the situation we are faced with the need 
for developing supplemental sources of supply. Under peacetime con¬ 
ditions substantial quantities of oil conid he obtained from the Carib¬ 
bean area and if necessary from more distant sources. This would 
seem to be the most economical solution of the problem. If for any 
reason foreign supplies were unavailable we can turn to other domestic 
eourcea. Secondary recovery from depleted oil structures has begun 
already and could be increased considerably at higher priws. Syn¬ 
thetic liquid fuels offer a feasible though more costly solution. For 
this purpose nnturiil gas offers the cheapest source of tliese products 
for the immediate future, but tho supply is relatively stnnll. Tar 
tiflnds, oil shale, and coal (including lignite), also are availabie, and 
in the aggregate represent an enormous reserve. Tho largest though 
not necessarily the lowest cost source of synthetic liquid fuels je coal. 
According to Dr. A. C. Fieldner, Chief of the Fuels and Explosives 
Branch of the Bureau of Mines, synthetic motor fuel can probably 
be made from coni at cents per gallon in large plants under normal 
conditions. He believes that costs of 12 to Ifi cents are possible after 
indmsitry has fully developed the techniques, Present costs of pro¬ 
ducing gasoline from crude petroleum are approxitnotely 5 cents per 
g&tlon. 

Tlie higher costs of synthetic petroleum products doubtless will 
necessitate many changes in industries now using the natural oils. 
This together wit!) the public need for low-cost gasoline probably 
will cause a shift to imported petroleum in advance of large-scale 
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devdopmfeiit oCsjutlietic fuels if our domestic pecroleum reserves fail. 
jVs with iron ore^ large-scale dependence on foreign sources for such 
a stmiegic commodit}’ is objectionable from die standjioint of national 
defense. Insurance aguinst shortages in future emergencies could 
be provided by setting aside proved oil fields as a nationul petroleum 
reser^'e. The niinimum requirenieiit in the event of a decline in do¬ 
mestic oil production is tlie estublishment and maintenance of a syn¬ 
thetic fuel industry of sufficient size to provide a nucleus of proved 



FiOniE 0.—CoiDpoTlsoD ot mlDe producUoD aufl prices of copper, lead, and aloe 
la tbe TTnltcit SUitea dartni; World War I mill World War IT. 


teclinology and experienced personnel which could be expanded in iin 
emergency. Congress has taken the initial step in this direction by 
authorizing the Bureau of Mines to establish large demonstration 
plants for tho product ion of synthetic liquid fuels. 

Our position in petroionm may be summarized as uncertain with 
moderate dependence on imports a distinct ponalbility in the near 
future. This need not be <*s threatening to the national 

security because feasible measures can bo taken to provide against 
future sliortagcs in time of war. 

Copper^ leadf atid erne occupy a significant position among the 
minerals of secondary tm[K>rtanco to the basic national economy, I'he 
United States has had virtual self-sufficiency in these metals for many 
years. However^ our resources were unequal to the demands of this 
war and large imports have been required in recent years. Figure & 
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compares prices and mine production of copper, lead, and zinc during 
the two World War periods. D-espi te the fadi that the demand has been 
very much larger in World War II, the output of copper and zinc hm 
been only moderately higher and that of lead ^iubstaJltiaUy lower than 
in World War I. This record can be ascribed in part to varions causes 
such as manpower and equipment shortages^ the fact that the indus¬ 
tries had not fully recovered from a protracted depression, and in- 
efficient price; but thei'o is wide agiwment that the ore-reserve 
Situation was the principal contributing cause. That depletion is w'ell 
advanced in these industries is an inescnpable conclusion from tl>e 
record and the present knowledge of remaming reserves. 

Copier reserveo as of 1M4 have been estimated * at 20j000|^000 short 
tons of recoverable metal under conditions prevailing at that time. 
Since they include some reserves available only at premium prices 
the? may be considered as a generous appraisal of commercial reserves 
under norm aJ conditions. Twenty-five percent of the tonnage is 
classed as inferred. It is esstimated that production could be main¬ 
tained at tiic rate of l,f>lK>.OCH} tons per year for nearly 10 years fol¬ 
lowing which there w ould bo a gradual decline to exhaustion. Sub¬ 
marginal reAources have been estimated at 10,000,000 tons of copper 
contained In 1.25 billion tons of materiaL 

Estimated rcserv^es of 6-ceiit lead* under pits war operating con¬ 
ditions weVB only 5^000,000 short tons in 1944, of which only a third 
was dasF^ed as measured and indicated. Under emergency conditions 
the total reserve including the 6-cent lead, was estimated at only 
0,600,000 tons. Peak war production Ui 1942 was 27 pei^ent below 
the all-time peak establialicd in 1025^ 

The quantity of zinc available at 6 cents in the reserves estimated * 
as of 1044 was 11,200,000 tniia of recoverable meta.1, more than iialf of 
which was in inferred ore. Under emergency prices the total reserve 
was believed to contain nearly 17,000,000 tons* 

Production of lead and sdne may be ex|>ected to decline within a 
few years. Zinc bos been particularly affected by depletion in the 
Tri-State district, which prcKJuced over 400,000 tons or &5 jwreent of 
the total output of the country in 1926, and coutrlbutod only 200,000 
tons or 27 percent of the total in 104tS. A substantial part of the dis¬ 
trict's output during the war has required premium prices, and an 
abrupt drop is anticipated with a return to peacetime conditions after 
the war. Without exception, all the important lead-prtxlucing dis¬ 
tricts that contributed to the record output of 1925 produced con¬ 
siderably less lead In 1942, 


^ a«l£ia S.* a a O^Cilt^Jtlal ^ur^cr. md tr^Henrr, tJ. S. Bdmn of MLan. 

fEntliulH for IfBtl isd ilJM? \if E. T+ McKaigbE of the U. S. GNloiltal Sumj bo4 
S, v. flWbuct, Jr., of th# n. a. H-bmu of UlfbBL 
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I»OSTWAU SELF-SUFFICIENCY 


The discussion up to this point indicates that unless new reserres are 
developed we are facing some changes in our *^haTe^^ and ^Hiave-jiot^^ 
status in minerals* TJiese ore only relative tenns, however^ and con- 
aequentlj do not niicessarily connate affluence or poTcrty* Tlie United 
States has been the most self-sufficient nation of the world in minerals 
yet it has always had important deficiencies. Figure 10 shows the 
status in 33 principal industrial minerals in the 5-year period 1935 to 
1939. Manganese, chromite, and nickel are indispensable in our in^ 


U S SeLF-Suma0MCV IN FR^I^tWLt^OOSTniAL minerals. 1955^39 
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Figttile 10.—ProUactlon of prlricLiwil indujitrlal mlilierili In the Unlteil Staled 
express^ In porcentaipe ef aniupsllc con^'llI^ptlaIl■, 1035-^. BnlMlag materlala 
(stoae^ eensent, llmCf. etc.) for whKch the UaLtotl K» ^1f-iiitt5ctebL lire 

not mdaUed. 


dust rial structure, yet we have imported almost all our needs for 
decades. These di.tficiencies and others tlist may develop need cause 
little anxiety os to national security provided proper steps are taken 
to buttress our defense against sLortiigcs in time of war. 

We have been able to export poll of our production of the first nine 
minerals listed in tlie coluiuu at the left. The tenth ruJncral, natural 
gas, is not exported to any extents We are ii net importer of most of 
the metals. On the basis of available reserves and probable iajstwar 
domestic roquiremcTits we can continue to export for sokic time all but 
two of the minerals wa 5hip|>cd abroad before the war* An imfxirt 
status for copper and petroleum is anticipated within u decade. Do- 
meatic reserves or installed capacity could support for various periods 
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nil improved ^hnve” status for iron onSj barite, nitrogen, potash, and 
posaibly fluorspar if siirh status were desirable. On the other hand, 
greater dependence on foi'eign sources of idnc, lead, cadmium, mercury, 
bauxite, vanadium, tungsten, platinum, and block mica is Indicatjed. 
Little change con be anticipated in the remaining commodities "which 
are chiefly imported. Submurginai resources of our defleient minerals 
that give us a potential ^'^hnve'' status under c)iierg!ency eondilioua and 
at high prices ore Lliose of bauxite, manganese, vanadium, flake graph¬ 
ite, chromite, nickel, and mercury. As previously noted, our sub- 
marginal resources of manganese, vanadium, and off-grade bauxite, 
and other aluminous minerals are relatively largo in terms of prewar 
consumption rates. 

MINERAL I-OLIC^ CONSIDEflATtON3 

From the foregoing analysis, and assuming our appraisal of do- 
mertic resourcea to be reasonably correct, it is apparent that our de- 
liendenoe on foreign sources for supplies of certain minerals will be 
greater in the future tlian it was before the war. The question thus 
arises as to the signiGcance of these changes and what alterations in 
national ^wlicy should be made to meet them. Time does not permit 
discussion of all {"lolicy aspects of the mineral-supply problem so I shall 
epuflne my remarks to a brief discussion of tbuso involving national 
dcfeiiBe, assurance of peacetime supplies, , . . btuJ conservation. 

iVatwrial defence -—A major responsibility of the Nation is to main¬ 
tain its ability to defend itself from aggressors, and to this should be 
lidded, in anticipation of postwar international political cooperation, 
the assurance of its ability to carry out such responaibilities as may 
be assigned to it. As our self-sufficiency declines, our military power 
is udverHely affected, and the problem of strategic minerals becomes 
more acute. Thus, tlie need for large-scale stock piling is of utmost 
importance; because stock piling is a device for supplementing cur 
donuHrtic resources, the stock piles should be made up largely from 
foreign materials, for that is the only way we can add to our basic 
mineral rraonrees. It is the surest way of guaranteeing mir basic 
seenrity in minerals in time of need. It has been suggested that, in 
view of the impending “have-nor position in certain minerals, we 
sIiDuld shut do"wn our mines and preserve the resources remaining in 
the ground for future emergencies. From a tlieoreticoJ viewpoint this 
argument has appeal, but from a practical standpoint the coat is too 
great. It imposes too eevere a burden on the present generation by 
asking it to swap a biroi In the band for only one crippled bird in the 
bush to he saved for the use of future generations. The program 
w™ld rc^dt m rosource waste because much of the unmined portions 
of deposits now developed probably never could be recovered after 
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a prolonged shut-down. Also, tlic abrupt ctirtailment of mhiiiig would 
present n serious social problem in readjustment of the popuiation that 
would be stranded in isolated mining arena. Huge capital losses would 
be incurred. For tliese reasons, the proposal does not seem to niErit 
serious eonisideration^ 

Our nfttionul seettrity caituot mt entirely on stock pU^* Experi¬ 
ence sirbco 1939 clearly demonstmt^s the (allibiUty of even the experta^ 
They cannot foresee with certainty the magnitude or duration of an 
emergency* For this reason we need a second line of defense to provide 
against mistakes in stock-pile planning. Our marginal and submar- 
ginal resources can give us that additional insurftac&. Exploration for 
new deposits should be carried on vigorously and methods for process¬ 
ing these materials should be perfected and plans made for emergency 
production. It is not tmreasonhble to expect that such a program 
might lead to the development of new peacetime industries. Our large 
depofiitg of mangnnese-f vanadium-j and aluminum-bearing matertflhi 
offer intere^ing possibilities^ 

The program just outlfiied is essentially the same as tlmt rccom-^ 
mended to Congress by tlie Army and Navy llunitions Board in its 
recent report on strategic materials. 

While the accumulation of stwk piles from foreign sources should 
bo a basic requirement for national defense, a large-scale stock-piling 
program could also provide a reservoir into which domestic materials 
might be placed in times of depression with resultant economy to the 
Nation and benefits to the mining communities. Consider the advan¬ 
tages that would have accniw! had we kept a reasonable rneasuro of 
employment in the mining areas during tiie depths of the dcprei^ion, 
and stock-piled the surplus production for future use. Not only would 
the effects of the depression in the mineral-producing areas have been 
less severe, but we would have had a su1>sts.ntial inventory that would 
have cased greatly the procurement problem of the last few years. 

^supplk ^.—Stock piling will provide for the defense of 
the Nation but will not assure adequate supplies of mineral^} at rea¬ 
sonable prices during peacetime. There are aevenil ways in which the 
Government can be helpful in attaimug the latter objective. A fun¬ 
damental requirement in dealing with this problem is more detailed 
knowledge of the extent of our reserves. Our studies have revealed 
many inadequacies in basic information necessary for the quantitative 
appraisal of mources, Tlia United States Department of the Interior 
plans to remedy this situation. The mining industry can bo very 
helpful by making available to tJie Government the vast amount of 
infommtion of this typo in company files- We realize that such data 
frequently must be regarded as highly confidential and the reluctance 
of some producers in the past to make them available is readily under- 
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Stood. This reluctance is gradualI 7 disappearing, and it is hoped 
that in the postwar yean? the mining industry will coniinne to be as 
generous in supplying data as it has been during the war. By so doing, 
the best interests of all are served. Policy decisions are made in Wash- 
ington that affect your industries. Tliese policies are usually formu¬ 
lated on the basis of available facts. If the full facts are not available, 
errors of judgment cun be made. Obviously the wisest decisions on 
policy are possible only if ail the facts are known. 

An objective appraisal/ttrecent experience suggests that prospect¬ 
ing and exploration are reaching marginal limits so that the ex¬ 
penditure of private funds in the search for new mineral deposits 
13 becoming more diflicult to justify. This suggests tliat the Govern¬ 
ment should assume some of tlie risk involved in keeping our mineral 
development going. The Geological Survey and the Bureau of Mines 
are plumiing extensive postwar projects to assist in accomplishing 
this objective through a systematic geological and exploration pro- 
designed to develop information that will help minenil pro- 
ducei^i plan exploration prograiiiB and provide a reliable inventoiy- of 
our mineral re^urerfi. This program will in no way ioterfere with 
the activities of private enterpri.se but, to tile coi.traty, will provide 
It with luisic data that will permit the mining industr/to carry on its 
search of now mines more offcctiveij. 

f Ploration program should he supplemented bv 
exte^.ve research and testing to develop now and cheaper methods of 
br ngmg mirlar^r marginal resources into oommereia] preduction 
and to provide substitute materials for tJiose that play out. 1 want to 
make it clear tliat 1 am not referring to hothouse industries that can 
Mist only at the expense of the public treasury or the consumer. New 

^<^ime industries can survive only if they are baaed on sound tech¬ 
nology and economics, 

t t. ™«,un.p, import.- 

tion of those nuucrals essential to our indiistrv and ^h\^h ^ * 

ecciiomically be produced at home in sufficient^uanttties Th^^oTt 
fact-findmg and diplomatic services the Govertin?ent can iL^sist \mfr^ 
lean capital to engage m foreign mineral development It shmil 1 
support American enterprise abroad to see tliat it 7. ^ 

ate with reasonable security and under conditions ^ 

patties concerned. .Such a policy is fullv romi *** 

memherehip in the family of nations because it ^Jta'^n 

»piw. ' “ .f our uurplu. 
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Cowse 7 %^ation.—A review of our mineral position requires some gen¬ 
eral comment on conservation. History shows that ns a nation we talk 
a great deal about conservation but arc unwilling to put up miicli cash 
for it. In the lu^h days of our industrial growth^ we were little con¬ 
cerned about the extravagant nse of resources to achieve low-cosi 
production. Now that we are beginning to feel the effects of exhaus¬ 
tion perhaps a more far-sighted view may prevaiK Some waste of 
resources occurs through lack of techniques with which to do the job 
of producing and using minerals betterp Much progress has been made 
along this line through research and the efforts of our professiotLr 
Kesearch and engineering and the scrap-raotal industry should be 
recognized as the greatest conservational forces at work today, and 
the Nation a debt of gratitude for their accomplishmentSp Fur¬ 
ther progress in these lines may be expected^ On the other hand in¬ 
creasing labor costa and taxation are decidedly anticonservationaL 
Painstaking efforts to reduce costa to permit mining of marginal ores 
by technical improvements can be wiped out bj wage and tax increases. 
Yet the latter are inevitable consequences of our social progress. I 
sea no easy answer to this conflict of ohjectives. 

Cooperation between Government and industry can do much to 
smooth out the economic factors that are the cause of most of the 
harmful waste in the utilization of mineral resources today., EHimina- 
tion of the exiremesof comj^titionj the stabilization of prices and pro¬ 
duction, and some controls to prevent frivolous uses of scarce minerals 
that are of strategic importance to the Nation will promote conserva¬ 
tion and at the same time improve the economic condition of the indus¬ 
try, We gained ^ome experience along this line in coal and petroleum 
before the war and a lot more during the wan If we can maititain 
this teamwork in the postwar years conservation can be achieved on a 
worth-while scale. In view of the rapid rates at which we are ex¬ 
haust ing our mineral deposits, such conservation is very much in oriler, 
but its ultimate effect on our basic mineral position will not be highly 
significant. Our best hope for substantial improvoment in those min¬ 
erals w'here exhaustion is near lies in research on our submargiiial 
resources and in taking the risk of prospecting for concealed deposits 
that now lie hidden in the earth^s crust. These measures should be 
carried on iTgorously, but whUe we hope for siiccessful accomplish¬ 
ment we should also take measures to facilitate the procurement of 
more of our nuneml requirements from foreign sources. 
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JAPANESE EARTHQUAKES" 


By N. H. Heck 


[ WlUl 0 pitLtmi 
INTUODUf.’TKON 

In tLesa days of global warfare, and in anticipation of a world-wide 
view in tt© future^ there is need of more geographical and geophysical 
knowledge. So outstajidiog a feature as earthquakes in Japan cannot 
bo disregarded Much has been written on the subject by Japanese 
seismologists and others, and by two Englishmen—John Milne (IflSO- 
l&lS)* * and, more recent!j% Charles Darfson.^ Milne, who went to 
Japan in 1876 to aid in the establishment of that oonntty'fl new educa¬ 
tional s}^t€m^ became interested in earthquakes and began investiga¬ 
tions, which were taken up by Omori and others. Many of his 
writings were based on direct observation; otherwisci nearly all in¬ 
formation, including Darfson^s, is from Japanese sourcf^ Since from 
Mdiie’s time onward Japan has been treated as an earthquake labora¬ 
tory, much material has been published, part of it in foreign lan¬ 
guages, and especially in Englisli/ However, nowhere is there a brief 
comprehensive discu^on of the princiiial Japane^ earthquakes. 

There is a general improssiou that Japan is more subject to major 
earthquakes than any other area of similar extent Imamura * states 
that there have been 300 great eiLrthquakes during the periotl of re¬ 
corded history. Of these he lists 50 from 1596 to inclusive, for 
which statietic^ and at least partial descriptions are available, 
of the entries may be debatable and some of the statistics may ho 
doubtful, but siuce tliey represent all kinds of earthquakes and asso¬ 
ciated occurrences they are made the basis for the present discua^on 
and are listed in table 1. 
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ap of Japan 


Giving tli mnKs Bnd boLmdark? of the dtffemt 


FjauikE 1,—Mfip of Japan glifinf iiamts and bonTidai-iea of tlM dilTcrcDt provinces 

SouLbern part. 


in tflbio 1, the deaths Imve exceeded 200,000 and the numher of build- 
ings destroyed directly liy earthquake or indirectly by fire or tauuami 
(a convenient Japanese wont for tida] WaV'e^ or clcid wmc'n fir* A 

to earthquake) totals about 1^00,000. The 
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or oot^ give a picture of gre^it destaiction^ The losses are in part due 
to tha doDSity of populatiou: Jnpan is the only couutry in which two 
large cities with a combined population in excess of 6,(KK)*000 are 
subject to tlie same earthquake ha^aril. However, Japan's seismic 
activity is likely to be overemphasized becaase (1) of tlie many per- 


rteott Z Map of Jhpuo a^vln^ names and WimOnrles of Uie OUTereiit pTovimiiett 

NorUieni part. 
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shallow shocks 

tiAtl i -M- tLAtt * ^ 
CL»1 t K 4 L 


IMTI^RlieOtATe SHOCKS ^ 
DCEP SHOCKS V 


OC£AH OSPTHS 
4(M)0 Bi 4^90 * 

4994 lOaC ft B 


Fn;u]aB ^of tplccuterSp 3 open to KamduitkiL (Courtesy Geological Bodety 

of AiiiorIcJL) 

ho considers that tlie seisniitlty of cerUiri local aro&s in Japan rciichcs 
a poak rankly, if over, exceeded cl^where* In Japan Lbere have been 
examples of every kind of eartlKinake except one—^that occiitring at 
times in eastern North America, felt over a vast area but usual!y at 
only moderate maximum intensUy^ 

GEOGItVl^HlCAL BlSraiBUTlON 

Distribution according to depths —This is so complex that the fol¬ 
lowing statement, based on Gutenberg (sco footnote 6) and figure 3, 

sgietmiHtj of ill* eorUii Otfll- Soc. Amtr,, Sprt. 
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though osscntiaUj correct, is an oversimpliflcatioii. The classiScatioB 
of Gutenberg will be followed: slmllow earthqiialtes Imve a depth of 
less thun 36 miles; inicnitedjate, between 36 and 180 miles; and deep, 
more Umn 180—the greaicst kno^m, 4S0 miles. The more destructive 
Japanese earthquakes are shnllow or in the upper portion of inter¬ 
mediate depth. 

A belt of shallow earthquakes paralleled by a narrow belt of inter¬ 
mediate earthquakes estends from Kamchatka to central Japan, 
whence it follows the island groups toward the Mari anas. Another 
belt of shallow and intotniodiate eavihquakes extends from Kyushu 
Island toward Formosa and the Philippine Islands. A broad belt of 
deep-focus earthquake epicenters crosses the Sea of Okliotsk to the 
southern part of Sokiialin, parulloling tlie Kurile Islands. Opposite 
Hokkaido and northern Honshu, the deep-focus belt is in the Japan 
Sea or inside tlic adjacent .Asiatic const, niis almost joins a belt 
nearly at right angles to it which, beginning with a large group of 
shocks on the continent, follows southward across the Japan Sea and 
Honshu and then parallels to tlie westward the shallow and inter¬ 
mediate belt extending toward the Marianas. The southwestern belt 
ha.s no deep-focus earthquakea until the Philippines are reached. 
There is no need of further detail. It should bo stated that deep- 
focus earthquake waves must have great intensity to cause serious 
destruction, because the waves have already traversed a considerable 
distance before re4ich]ng the earth's surfHce, 
geographical diniTnyution of destructive earthguakcHt —On account 
of the high seiianicity, discussion will be coniined to Japan proper 
(the four isintuls of Hokkaido, Honshu, Shikoku, and Kyushu) and 
adjacent submarine areas, and to F ormosa. The Japanese earthquakes 
wliich have made tlie greatest impression are those originating on 
(he western side of the Tuscarora Deep from off Hokkaido to opposite 
Tokyo, the great hlino-Owari earthquake of 1801, and those of the 
Kwanto region (named for an e.i;tensire plain which includes Tokyo 
nm1 Yokohama), Ho waver, other parts of Japan have suffered earth¬ 
quake (nitastropliefl. For the JSake of convenictire, a number of princi- 
pnl areas will be listed and I ben characteristic earthquakes of each 
will be discussed, particularly those which have some striking feature. 

llESTRCenVE EAETIIQUAKES BE REGIONS 

Rjirlon I. Submiirlne nren wCKt uf Tusenpora Deeii. Sbocka causing: little dtrect 
rtniniiin' prpdnce grenc iHtmnnit^. 

RfUina II. Subinarlb# n-plfun ntr Jatmn, Idn to Eynshu and ad- 

incert ifiiiiriils, Great ilnmnee both Innu eiinhquuhCH and iHnnumlA 
It.-stoa IT[. Kwanto rj-ptoti, namr^ fur (freot plain, BlnwTss lilgbly df'Stnictlvi! 
In tvifi™ of BTPat dtlcs, T,><nnainla ewninlarj*, 

R-eloa IV. Central lapan. Mlno-Ownrl. Kjrtlo, and Tnilma-Tansw nreaa 
VUTble ftUfia In sp\tire cnrlbfiDiibns. No^ tstEonintrL 




FniTnic 4.—Ifnp of epicentei* of Important Japanese earthquakes. 
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Edirtbi|iu3i£ee 


CliamcLvf 


Region V. Jnpon Sen coast of Hoiifibu, except ■rnxtmo^Taiieo. 
genomUy lass apea« Umn in Talons MV. Tsnmmds «nall. 

Rcpleii VI. Interior of Boiwlia. not Ineluded in regions IH and l\, 

**']^foirv1?LlSnShii Island. Slooka usually associated wltfc vokanJe activity. 

Iteghn /. Subnarine, vie«t d/ Tmearora Only i of the 03 

great earthquakes are In' this reeion f this is not a complete picture 
Omori states that from tlie year ilO to about ItKK) there ^ere 23 great 
tsunamis in regions I and II, aud he found that of 25 1 sl«^^ felt mar 
on ai-ea of more tlian 25,000 square miles, r^orded from 1385 to iJOo, 
145 were in the same region. Imamiira lists 15, some moderate, m 
region I, from the year 839 to 1933. Tills supports his statement that 
region I is the breeding ground of big earthquakes and that the ad* 
jacent Sanriku coast is neTer free from the danjgec of^ destructive 
tsunamis. Those of 1890 and 1033 nlll be described, rive former 
was the greater one, but the 1033 tsunami received the most thorough 
scientific iiivestigatioti ever given to this pheiiomeoon. ^ 

The 1896 earthquake was felt from Hokkaido to the Kwimto region, 
but no important damage was caused. The shock wna slow and undu- 
latin". About 20 minutes later, a wall of water 10 to 20 feet high 
at most places rushed in, and, as people were celebrating a holi aj on 
the beaches, thousands were swept away and drowned and many vil¬ 
lages were laid fiat. The waves reached a height of nearly lOO feet 
at one place and 7& feet at a number of others. However, the damage 
was nearly as great for a wave of 26 feet as for greater heights. Fish* 
ermen who were well offshore failed to rccogniai anjihing unusual and 
were greatly surprised on tlieir return homeward to find the sea strewn 
with house wrecka^ and c-orpses. The wave was recorded by the 

tide gage at Sausalito, Calif, ^ 

Tlic great variety of height of wave was studied for the 1033 earOi- 
quake. The circumstances for the arrival of the wave were the same 
as tlioso in 1886, though it had less ampUtiidc. The height over the 
deep Pacific Ocean was estimated at 3 feet, and the wave length at ^ 
to 600 miles, which has much to do with recording at a distance. The 
wave was recorded by tide gages in California and the oscillations 
noticed at Iquiqne, Peru, 9,000 miles from the placoof origin. On the 
coasts of Honshu and Hokkaido the usual height was 7 to lo feet, 
but there were muxiuium heights of 9® i^tid 75 feet at era p ces. 
In one bav the height was 10 feet at the entrance, 26 feet halfway up 
the bay, a*ud 75 feet at its head. Off one of these bays a motorUmt 
capable of n speed of 19 miles an hour could not make headway. The 
cxplaiiotion of the increase of height lies in the V-shaped charac^r of 
the Uy. Tlie wave in flome places arrived as a flood, rescmblmg a 
verv high tide, and at others it artived as a vertical wall like a great 
br^er—with high liorizonta! acceleration. Usually a withdrawal 
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of tlie sea prti^eded the AtrivaL It appears that iisiiaIIj there was 
only one great wave; but not alwaySj and the later wave might be 
greater than the first. I'lie Japam^e have classified their ereposed 
harbors dii the bo^ls of the type of tsunami to be expected. (PL 1, 

%, 1 .) 

Ift'ffi&n //. ASulfmuriWf ofshore^ fdu to beyofid ffytus/iv.—Of the 
earthquake^ of table 1^ eight were in this regioDj htit the remarks in- 
trodudng region I should bo noted. The eartliquake of ITOS possiblj 
belongs to region but it is properly assigned to region III because 
of its relation to the Kwanto cnilhquate of 19S3. Prior to 15t>6 there 
were great submarine earthquakes in region 11; one in 681 which 
caused notable drunago in I ho vicinity of Koti on soutliem Shikoku t 
where low ground containing two villages sank beneath the sea, ond 
one in 11^61, accQinpauicd by a tsunaio] which caused damage at Osaka. 
Of tlie earlier shockji of table 1, that of 1605 caused heavy loss of life^ 
Special attention is given to three eardiqnafeeSt one in 1707 and two 
in 1854. The latter were only a day apart hut in very different loca¬ 
tions. However^ in eonie places the effects were separated with diffi¬ 
culty. Tliere were strong sliocks in 1030 and 1^44. 

Tlie 1707 cjirtliquake was among the greater known in Japan, 
Houses were damaged or destroyed in 26 provinces and the tsunami 
swept the coast from Kwanto to Kyushu Island. Sear Koti in south¬ 
ern Shikoku the wave was 01 feet high. TJte waves not only swept 
the outer coast, but entered tlie Inland Sea (between Shikoku and 
Honshu), leaving wreckage. A great wave nished into Osaka Bay, 
causing great havoc. Two rivers enter the hay at Osaka, after travets* 
ing the central j>art of the city, and there are therefore many bridges. 
More than 1,000 craft of various sizes were swamped and sunk, but 
many were carried by tlie wave, damaging bridges os they swept along. 

Of the two earthquakes of 1854, the first was off Totomi Sea and the 
second off Shikciku. Tlie tsunami from the first sliock consisted of 
three wave^ in the harbor of Shimoda on the southern end of Idu 
Peninsula, causing the fntmdering of the KuKsian frigate Diana and 
of many Japanese vessels, which gave tlie harbor a bad repute. 

The situation at Osaka was of -special interest. The first shock, 
about 8 a. m. December 93, was felt strongly, but the tsunami waa 
only moderate* Many persons decided to spend the night outside 
their houses, and some took refuge on boats and vessels. Two hours 
after the second shc^ckj which occurred about 5 p. m. on (he 24th, a 
tsunami arri;^ which was 10 feet high in the outer harbor and 20 
eet ID ^ e ^rt. More than 1,500 vc&sels were damaged or completely 
^ swept along by the wave, damag- 

n ges. AsAliere h no high land to which one may flee in 
a, an as similar waves sometimes acfcompany typhchcms^ the 
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buildinsr of n great brenkwater lias been considemJ, but an effective 
one is scarcelv pnirticable* Tlie earthquakes nf 1911 and may 
haTB produwl large tsunamis, but, since tbej occurred off small 
islands, the damage occasiotied was not great. The submarine shock 
of 1944 was stronger than the destructive earthquake. 

Ut-gitm ill. The Ewanto rsffion.—This n^giou, named for a great 
plain which covert most of the region, includes the !du Penmsnla wcH 
of Salami Bay. For the years from 818 to 19M, Imamura lists 28 
destructive earthquakes, including 9 of those listed in table U The 
persistence of destructive earthquakes in the region for nw^ than 
1.000 years is evidenced by a series of horizontal lines of drill ho es 
in a cliff on a recent inlet of Sagami Bay near Misaki. The holes 
were made by a marine borer which operates only between high and 
JoTW Tho lowest row mdit^tes an uplift of IT in 170S; the 

of about the smne nmoimt in 818; nnd a les^t definite one whichj 
on fairly good evidenco^ is assigned to nbont A. D. 33. In the 
uplift was about 6 feet- In the earthquake of thb jear^ and pre^abty 
in the otlieiii, there was lowering elsewhere, indicating block tilting. 
This is probably the deaitst example of successive uplift to be found 

anywhere. _ _ _ i r tj 

~Th& 1703 earthquake was submarine, with its origin south of Boao 

Peninsula (cast of Tokyo Bay). There was a tsunami of some vio¬ 
lence over a moderate length of coa-st, posaibly duo to sea-bottom 
changes which at that time could not be measured. Tho earthquake 
was destructive in nine provinces, Tliere was uplift at many places 
along the coast, and some previously outlying reefs became dry land. 
Tlie loss of life and property domage was lieavy, but not so great as 
it would have been under the conditions of imlustrialivjtion of 192.3. 

The earthquake of iSoS was noteworthy in that, though it was local 
in extent, its epicenter was nearer to Tokyo than that of 19-23 and 
therefore it caused unporiant damage. Many fires were started when 
charcoal braziers were npset by the earthquakes, but mo^ of them 
were brought under control though a square mile of the city s area was 
burned. Tho shock was of very short duration- 

Books have been written about the earthquake of 1923, generally 
known as tlie Kwanto earthquake (pi. 1, fig. 2; pi. 3}. An elaborate re¬ 
port of the engineering fcfttureSi published in Japanese, was translated 
into English by the American Society of Civil Engineers; but the 
traiuslation has not been published, though it is ovailahle at the So¬ 
ciety's library in New York. Otiiy a bare outline of the principal facts 
of the earthquake can be given. Tlie epicenter of the first main shock 
was in the middle of Sagami Bay, where the changes that took place 
were great, though perhaps not so great os the comparative hydro¬ 
graphic surreys taken before and after the event sccm to indicate, 
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Tliere were nujnerous severe aftershocks, end one on the foUowing 
dftj &l}oiit 40 niiies io the eastward was nearly as great as tlie majii 
shock. Soon afEer the main sliock a tsunami evrept Sagami Bay and 
the adjacent coasts. Its rnexliduin beiglit was 36 feet, though 10 to 
16 feet was more common. These heights scarcely correspond to the 
reported great displacement in the epicentral region. In some places 
uplift of the land reduced the effect of the hmnami- 

The shock occurred jitst as the noon meal was being prepared, and 
people rushed from their houses, abandoning overturned stoves. The 
fallen wooden houses, and drugs, chemicals, and gasoline, amply fed 
the flames. A total of IM separate blades were counted, and these 
soon joined in a single conflagration. A fully efficient fire department 
c^Mikl have done Utile, as the earthquake had put the water system out 
of order. There was a shifting wind, reaching a velocity of nearly SO 
miles per hour, and the conditions s^t up tornadoes. It is said that 
40,000 persons died in one group in an open city square^ That no one 
escaped has been attributed to fires in possessions of the refugees, but 
tlicre is reason to believe that many deaths were due to lack of oxygen 
in the air. A similar cause of death has been suggested in the burning 
of Hamburg, Germany. In Tokyo^ an area of T square miles was 
bmned and only 15 percent of the buildings escaped. Many of those 
lost were government and business buildings, libraries, art gatlerics, 
and museums?, so that the loss of irreplaceable books, records, and 
objects of all kinds could scarcely be evaluated. 

Yokohama was only 40 miles from the epicenter, as against 57 for 
Tokyo, and the damage from earthquake was LO times as great Three 
square miles, or half the total ai^a of the city, was burned. The loss 
from fire was 60 percent of the buildings, but the earthquako damage 
accounted for 20 percent more, leaving only 20 percent undamaged. In 
fl town uear the epicenter 95 percent of the houses w'cre thrown dowji. 

Damage to structures and public utilities will I* briefly described^ 
It w as estimated that LB«00Q factories were destroyed. Linrge buildings 
in Tokyo stood the shock fairly wdL About hiilf the tall stacks fell. 
Bridges suffered severelyj wooden bridges were burned, and some 
steel spiins were thrown oJf the piers, or were distorted when slides or 
mud flows moved the abutnionts, shortening' the distance between them. 
Many of the bridges carried pipes and electric Hues, and so the effective 
damage was uierea^l. Fullcn bridges prevented the escape of refu- 
ge^. A total of S^O vessels, mostly of small si 2 e were lost. 

rnnfT railway were damaged by vertical or hori- 

S™ displacement, with damage to tunnels and culverts. 

In T.X™ 8®neratingsystems were damagiHl by fire and landslides. 

lU W slides. In Yokohama, 

»800 of breakwater settled 8 feet or more and the 1,300-foot land- 
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ing pier suffered severely. Off Yokosuka, part of tke brcnkvruter sank 
18 feet* Eleven light houses were destroyed. 

Damage to the water systems included effects of kridslides and shift¬ 
ing of underground conduits. This was the more serious since the 
il$o of water cartfi liici'eased the danger of cpideinics of water-borne 
diseases; but fortunately that danger was fairly well avaided. Re¬ 
placing of lionse services was a major task since pipes were broken and 
pulled apart. The tanks of the gas works were generally uninjured, 
but the distribution systems were badly wrecked. A nnralwr of ex¬ 
plosions occurred in large pi|K^ where gas was trapped. It required 
7 montl^ to make replacement complete- Sewers were chiefly affected 
by breaks at watercourses or where sewei“s metn Many manlioles were 
damaged. 

It will be seen that damage w'as caused by earthqunke w’^aves, by slip¬ 
ping or cracking or sliding of the ground, by tire, and by tsunami. 
Evidently, a major earthqtiake b an eff^tive agent of destruction. 

A phenomenon of un usual interest occurrci;! in a tow^n in the Boso 
Peninsula. In an old rice field filled with water, the teachers in a 
nearby school mw two fissures 130 feet long spurting muddy water to 
li height of Ifi feett i^peating like a geyser six time.< l^efore ecasiiig. 
The only compnrable actual obseiTatiou of the same phenomenon was 
in the Bihar, India, earthquake of 1934. Only rarely has the effect of 
earthquake on ground water been actually observed. 

Tilers were great Jan^lsiides on several perdnsnifts ^ pi. 1, fig. 2). A 
village of 700 f>eoplc was buried under an immense avalanche of soil 
and rock. During the last week in September them were l^toG aftcr- 
sliocks of all degrees of intensity. 

In the northern Idn earthquake of 1930 near Tto and Awnnii, on the 
west shore of Saga mi Bay, 7,0iK> buildings were damaged mat several 
hundred lives w'ere lost; but this b relatively minor for the region. 
There were 2 notubk features, swann earthquakes and luminous 
phenomena. The main earthquake occurred on November 20. A seis¬ 
mograph at Mififlki, 31 miles away acro^ the hay^ rtcorded 3,664 after¬ 
shocks of a wide variety of intensity from February 13 to April 11. 
The greatest nuinbcrj 209, tmd the strongest shock, which wus some¬ 
what destructive, occiirre<l on March 9* After n panse^ the diocfcs 
started agnin on May 7, and attained their greatest freffuenty about 
the middle of the month. Few occurretl after May, and nil stopped 
in August. Tlie number recorded in I lie two series reached 6,000, of 
which about 4,!KKl were felt at ItOp During March, additional seismo¬ 
graphs were installed and positions and depths of epicenter were 
studied. Early in November, the shocks started again. Great num¬ 
bers occurreti, the greatest in a single day being C90 on NovemLter 25. 
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On November 26. 236 were recorded in a single hour, but on the day 
of the great earthquukc there were very few. 

The Tanna tunnel (nearly G miles long) on the railvvay from Tol^o 
to Kobe was under construetiDn and the fault on which slipping oc¬ 
curred had already been crossed. The west side of the tunnel where 
It crossed the fault was shifted about 8 feet southward and 2 feet down¬ 
ward. Otherwise no damage was done, though in a village directly 
over the tunnel 55 percent of the houses were thrown down. Seismo- 
gratns showed that for periods of 1 second or less tlie amplitudes above 
were two to four times that In the tunnel, while for periods of 4 or 
5 seconds there was no difference in amplitude. 

Triangulatioii before and after the eartliquakes showed that tlw 


movements were in opposite direction on both sides of the fault by 
similar but not equal ivtuoiiiit.<i. From 1896 onward, many lines of 
precise levels were run in the region. In the vicinity of Ito there 
were two level lugs before and two after the pnncipal earthquake. It 
was found diflicult to find tlie relation between the vertical 
and earthquake occurrence. 

The rcpottjj of Imninous phenomena in connection with this earth¬ 
quake, totaling 1,500 over an area of about 7,300 square miles, seem 
to ooiiiirm suniJar reports in regard to certain Sanriku earthquakes. 
They started a short time before the main earthquake (about 4 a. m.} 
and continued for an hmir in tJie epicentral region. Some lights were 
like rays of the sun, some like searchlights, and others like fire balls 
They were colored from red and yeUow to blue. Some of them were 
brilliant. Although, in Japan, they have usuaUy been attributed to 
Imnmoua microscopic organisms in the sea disturbed by earthquake 
or tsunami, the esplanation is not wholly satisfactory, 

lr..Vinc-Ow<tn, Tagima-Tonffo.—Imvimuta lists 14 

shocks in the Mmo-Owan region frem 745 to 1918, and 18 in the Kyoto 
region frem 701 to 1830 (none thereafter), and none before 1926 in the 
Ta^ima-Tungo region. Of those listed in table 1 there were 8 in 
Ik! requiring detailed discussion are 

Til l!rand the Tango of 1927. 

"d 

^rtliquuke occurred south of the center of a long fault or 

eateuded in a northwest-southeast direction 

teXl^r« """7 *‘«"Owest width. The visible fault alipa «- 
probably for 70 miles. They were generalll en 

.Zip la"™”” ^ ‘ •‘“i- 

H too 

y cities of the region, such as Nagoya, to have become indus- 
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trinlisENl, but various tj-pcs of structures haring a design, borrow^ 
from otJier countries, which ignored earthquakes, were distroyed- 
The region is primarily agricultural, one of the most important rico- 
raising districts of Japan, and in spite of its few cities population 
density was second only to the Tokyo-Yokohania region, being 778 
per square mile. The intensity is evidenced by the loss of 140,000 
houses, only a few of which were dtslxoyed by fire. Along some of the 
highways every house was down. fPl. 3, fig. 1.) 

The area of greatest destruction covered 4,300 square miles. The 
rice culture required many roadways and ditches and thera was heavy 
damage to them and to embankments;, A number of bridges sullcred, 
some spans being thrown off the piers. An urea of three-fourths of a 
square mile subsided so that a river moulh was blocked and tlia land 
became swampy. In one place the faulting resulted in complete de¬ 
struction of a village, a half acre of land being turned over bo that 
nothing remained but clods and upturned roots. At another placo two 
persimmon trees in a garden were shifted, without damage, so that the 
d i ruction between them changed from east-west to north-south. Bui Id- 
ings were damaged as far away as Osaka. Tl^ere were great land¬ 
slides in the mountain region to the north. 'Ihe number of after¬ 
shocks at Gifu in S I’eare was 3.365, of which 10 were violent and 37 
wore strong. From these data Omori derived his well-known curve 
of decline of frequency of aftershocks. From fallen stone lanterns 
he estimated the maximum aooeleration at 0.4 g. Earthquakes have 
been few in this region since the aftershock ceased. Since the 
epicenter was distant frotii the sea, this was one of the very few great 
Japanese earthquakes that vrns unaeconiponied by a tsunami. 

The Japanese Oovenunent centered at Kyoto from 794 to 1868. 
The records kept make it' certain that Kyoto and its port, Osaka, have 
had no great earthquakes in their vicinity. From 1480 to 1820 the 
most important were in 1596 (No. 2 in table 1), and in. 1854, south of 
Lake Biwa. A destructive earthquake in 1899 at Osaka is mentioned 
by Davison. It should be said here that yet other destructive earth- 
quakes are obviously ex^jected by the Japanese, since the imperial 
palace at Kyoto, where the emperors are crowned, was strengthened in 
recent years, A prominent Japanese eeismologist expressed such a 
view to the writer at Ossvka in 1926, The damage at Osaka due to 
earthquakes in region If must not be overlooked. 

The Tarima, 1935, and Tango, 1927, earthquakes strictly belong to 
region V, but they ate remote from others in that region and are near 
thorest of region IV, and the Tango earthquake bears some resemblance 
to tb® shock of 1891. The Taaima earthquake oripnating in Tniyama 
Cove on the coast of the Japan Sea was destructive, damaging 7,5W 
houses and causitig more than 400 deaths, but its cliief interest lies in 
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tho fact that do destnictive earthquakes were Hated earlier for that 
place, Tlie eame ia true for the Tango region, A hydrographic sur¬ 
vey revealed no change in depth of the adjacent sea bottom. 

The Tango earthquake of 192f caused 10 times as much damage as 
the Tsaima earthquake, and in the epicentral region the severity was 
of the first rank, the iiccehriition being estimated at 0.5 g. Though 
Tango was a center of the silk industry, the population was not bo great 
as that of Tazima and this reduced the losses. The encthquake was 
remarkable for the sliort interval of 3 seconds from the time it was first 
perceived until it exerted a force sufficient to throw down buildings. 
There was no time to escape, and many of its victims were crushed. 
The town of Minoyama established a record even for Japan; only 10 
out of SS>8 buildings survived, and 1,122 persons were killed. Kites 
were started from 15 centers, and no action was at once taken to put 
them out. 


The earthquake was associated with visible fault slipping, which was 
studied with great care. The Gomura fault extends from the coast 
to the wnitlicnst, and, partly discontinuous, its fault slips, en whelon, 
for a distance of li miles, having o maximum horizontal change of 
about 9 feet, ^ The greatest vertical change observed was only 27 inchea 
riiere was evidence from rcpeate<] hydrographic surveys that the fault 
extended eeeward with greater vertical change than on land. Tlie 
Vamnda fault ncjirly at right angles to the Gomura fault, is vistble 
for 4.< miles, but probably Ja 18 miles long. Its maximum vertical 
^nnge was 28 inches. Thera was Bonie permanent uplift of the coast. 
The ej^ntcr of tlic aftershocks were studied in relation to block fault¬ 
ing. The height of the tsunami was about 5 feet. The deduced 
acceleration was 0.4 or 0.5 g. 

Regi^ V, Jajnm Seaeon^t o/ Honshu,ezeept Tmim^^Tanso.~OT^M 
the rarthquakes Imtcd m table 1 will be considered, and they will ^ 

Prese smic tilt is characteristic of many of these earthquakes, and this 

was the more readily detectable Wn»i« ♦!.» __ ^ t na inis 

. -iu . wetectaoie Decnu^ the occurrences were near a 

shore with a maximum tidal range of about 1 foot. 

f iide areth^ 39 , Included here in order of descending lat i- 

f ^'■thquakes of 1703,1704.1604,1810,1939, 1914, and 1804 
^le western Tugaru earthquake of 1793 was noted for preseismic tilt 

raor inary e bmg of the tide that accompanied this was regarded as 

Sr"il " S^I^^bitants rashed to higher lid 

rushed back to the bench ^ Inndslides, 

even thouah it woe i ' t Some were drowned by the tsunami 

g >* fnoderate and otherwise did little damage. Thera 
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w!i3 a perottanent uplift over distance of 12 miles, with a masiuioio 
of 10 feet* 

The 180^ Kiaakatu Mount Tyokai had an eruption a 

few years before and was still active, but without apparent relation to 
the earthquake. Before the shock the Kisakata Lagoon afforded pic* 
turesque scenery with a radius of a mile and an average depth of 0^ 
feet. A pc mianent upl ift of 10 feet eli minated the 1 ngoon. At Kot ^i, 
2^4 miles to the southeast, there was subsidence rf feet, which 
altered the course of a stream- The other shocks listed were without 
special features, except tliat the one of 1!>:JD was cliatacterizccl by land¬ 
slides and Assuring- Tsunamis- if any, were insiguiScant, 

B. Latitude 39® to Toyama Bay. In this group are included the 
earthquakes of 1833,1894, lim, 1614,17^, lT5l, and 1666. In the Sado 
earthquake of 18(K there was quite heavy damage, but the special fea¬ 
ture was the preseismic tilt. The earthquake occurred ot 2 p. m. At 
the town of Ogi an extraordinary ebbing of the tide was noted about 
Itt a. m,, a slight shock occurring at that time. The land rose about 
3*4 feet, and as in the 1793 earthquake a tsunami was expected, but it 
did not arrive. The permanent uplift of about 6*4 feet was noted at 
Ogi and the distance over which there was uplift was nearly 15 miles. 

C. Meridian 134“ to tho tip of Honshu. In this group are included 
the earthquakes of 1943,1711,1872, and 1676. The earthquake of 1943 
appears to have beeo severe and felt over a large area- Areording to 
first reports by radio, many persons were buried in the debris at Totori 
and there was minor damage at Kobe, Osaka, and Hiroshi ms. These 
reports of damage were later denied, but seismograph records at a 
distance confirmed the first reported intensity. In the Hamada earth¬ 
quake of 1872 there was an uplift of the shore amounting to 6% feet, 
30 minutes before a widely felt shock. Fishermen began to gather 
stranded fish and shells on a bared narrow bar joining the shore with 
an islet. Immediately after the shock they rushed to higher ground 
and escaped the moderate tsunami which followed. On one side of a 
line through Hnmada there was permanent upheaval to a maximum 
of 6^4 feet, and, on the other side, depression amounting to 3^^ feet, 
the total distance affected being about 12 miles. There were foreshocks 
with noise 4 or 5 days before the earthquake, and two on the same day. 

Re^ufn VI. Interior of Honshu.—The list includes the earthquakes 
of 1760, 1890, 1611, 1659,1828, 1714, 1847, 1858, and 1905 (on the In¬ 
land Sea). The Sinano earthquake of 1847 was featured by thou¬ 
sands of landslides and many villages were buried. Tlie largest of 
these slides blocked the river Saikawa, forming a lake IT by 2*4 miles 
at its widest point. At the end of 19 days tho dam gave way and 
everything along the banks of the lower valley was swept away, 
including 4,800 houses and 28 persons. In the Hida eartliqaako of 
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im there tiis a similar occurrence. The detritus dammed tlic rirer 
Zyttgwaiazi ; the dam held for 41) days atid then broke, Hooding the 
lower valley for 70 miles and drowning 148 persons. Other sliocte 
listed for region VI liave no known features of special interest. 

Jieffion. 7U. Kyushu A/and.—Tlic list includes tlie eai-thquakes of 
15W, 1702,18S3,1922, and 1014. In the earthquake of 1596 the island 
of Urya-zima near Oita, witimti area of square miles, sank beneath 
the sea to a deptli of 30 to 40 fathoms, two-thirds at once and the rest 
later. In 1792 there was a great eruption of the volcano Unzen-dake 
Tliis bi^gan in February. On Hay 1, [Kjsaibly ns a result of an earth¬ 
quake, there was a great avalanche which prcxluced great water dis- 
tnrUnce wth heavy Joss of life. It is possible tiiat this should not 
be listed ns a severe eartlupuike. In 1014 there wag a great eruption 
of the volcano Sakunjima. The strongest earthquake, on Januarv 
12, was pt^bably of volcanic origin though imusuaUy severe for .such 
a shock Buildings of soft material and fence walk were thrown 
down. The other shocks listed for region Vll were probably of 


TOBJlOSA BAKTIIQUAKES 

Formosa has suffered severely from earthquakes, largely beeaure 
of the type of buddings, heavy but weak. Omuri has listed 18 shocks 
mcludmg 2 to 5 of the list from 165S to 1906. !« the shock of Ifm 
more tlm 1,000 persons were kiJled. In 1867 a wave swept the harbor 
or Jveehmg, northeast of Formosa^ great laiidslides occurred. In 
toe earthquake of March IT, 1906, there wa.. fault slipping 6 feet ver- 
tical and C feet horiamtal. ^See pi. 3, % 2.) There were sand 
eruptions and cracking of the ground. The shock of April 14 center- 
mg 10 milos from the ilarrii earthquake, was not accompanied bv 

smi-face slipping. 
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peatcd triitngulfltion and leveling, long-continued and pr>^isniic tilt, 
and all kinds of periodicities, Tlie earthquake of 1930 in northern 
Ida indicates how difficult it is to correlate crustal moventent with 
earthquakes. A case has been made from occunetici^ in earthquakes 
of the Japan Sea coast for preseisraic tilt, from 30 minutes to 5 hours 
before the earthquake. The study of periodicities has not brought 
significant results, except that there is an interval of several c™- 
turics between major earthquakes of any region. The outstanding 
examples of great success and great failure in prediction are credited 
to Omori. After the California earthquake of April^ 18, 1906, he 
predicted that the next great shocks in the circumpacific belt would 
occur in South America and Alaska. On the same day, August 16, 
1906, there were great earthquakes in Valparaiso, Chile, and the Aleu¬ 
tian Islands. In the spring of 1^, Omori expressed &o view that 
there would be no great cartliquake in the Kwtmto region for many 
years, and the great shock came on September 1. 

Tlie Japanese have gone in strongly for eartliquake-resistant struc¬ 
tures, and miscellaneous measures have been taken Heights of 
buildings have been restricted, simple structures insisted on, and water 
supply that is not likely to bo affected by earthquakes lias been es¬ 
tablished in Tokyo at least. The effectiveness of th^ measures has 
not been tested, and the description of the 1923 shock has brought out 
many things to guard against. 
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CONQUEST OF THE NORTHWEST PASSAGE BV R, C. M» P, 
SCHOONER “ST. ROCH’» ‘ 


By J. Lewis RoBtJtsoy 

Geogra^ctf Jlfif-euii of Ifofffciecil TerHto^iand yiiton Aff«ir». QUaiCC 


[WJih 12 ptates] 

Tlie seawh for the Northwest Passage forms an intriguing chapter 
in the history of Canadian exploration. The stories of early navi^- 
tora who faeed the dangers of polar puck ice in tiny wooden sailing 
ships, traveling, with doubtful compasses, along uncharted coasts, are 
accounts of hardship, courage, and perseverance. Tlie fruitless tjoest 
for a route north of the North American mainland to the wealth of the 
Far East resulted in the exploration and charting of mobt of the 
numerous Arctic islands of Northern Canada. As more and more 
knowledge of this inhospitable region was obtained through explora¬ 
tion, the trading incentive behind the search for a northwest route 
waned in the light of geographic facts which showed the route to be 
commercially impractical. 

In the sixteenth century Europe began to look toward the new* 
continent to the west, and expeditions from England, Spain, Portugal, 
and France groped their way along the unknow'n coasts. At first tliis 
new land mass was regarded chiefly as ft barrier, of little value in itself, 
blocking the route to the fabled riches of the East. Exploration w'as 
interested in a way around or through it, and in 1576 Martin hrobisher 
first entered the eastern Arctic seeking such a route. John Ulivia;, who 
followed Frobisher’s lead, reached Baflin Bay before the end of the 
century and noted several westward openings on the barren rocky coast. 

Exploration in the early seventeenth century was sidetracked by the 
broad opening of Hudson Strait, and many years were spent in defining 
the limits of extensive Hudson Bay. The failure of several expedi- 
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lions to find openings west of Hudson Bay dampened interest in the 
seareh in this d.irection^ and for a time exploration W5S neglected. 

After the Napoleonic WarSj eqjeditiotis from the British Navy 
renewed the search for a noilliem ronto tlmajgh the sea repoi-tcd north 
of America- Edward Parry entered Lancaster Sound in iSlt! and 
twisted through cjistward-moving ice fiocs us far as Melville Island 
before freesdng his ship in for the winter. The nest season ice choldr^ 
the channel to the westward prevented further progress^ and Parry 
returned to England. In 1821 Parry tried the southern route through 
Hudson Strait and Foxe Channel, and reached tlie eutmnce to Fury 
and Heel a Strait before being stopped by ice. Later attempts to pass 
through this strait also failed^ and it has not yet been navigated by 
other than Eskimo mariners. Further exploration by John Rt^ 
beginning in 182^, confirmed the existence of Boothia Peninsula ex* 
tending north from tlie mainland of Canada and discoiiragetl all hopes 
for a parage through this regiom Since Ross did not see Bellot Strait, 
the strategic opening to the west, it was believed that Somerset Island 
w'as part of tliis long barrier peninsula. 

In lS4ti Sir John Frunklin led a British naval expedition into Lan¬ 
caster Sound, and^ after being stopped by ice in Barrow Strait, win¬ 
tered at Becchej Islaud, the southwcaterii corner of Devon Island. 
The next year tie continued westward and was lost, never to be seen 
again. Despite the fact that 16 rescue expeditions entered the Arctic 
from both the east and the west., discovcml 6^000 niUes of new coast 
line in tlieir search, and covered ahtjut 40,000 miles by winter sledge 
trips, Franklin*^ fate remained a mystery until M-Clintock brought 
out some clues in 1B5#, Tliisri c^xtensive search well illustrated the 
vasiness of the Canadian Arctic* Many famous explorers, whose 
names are now commemorated on our maps, traveled widely by 
lioat in Eumiiiier and by sledge in winter, and their mapping Wtnight 
forth the first definite outlines of the Arctic islands. All their ac¬ 
counts lay streams ou the short navigation season after the land-fast 
ice breaks up, on being obestrnrtcd hj extensive masses of pack ice 
moving eastward from the Arctic Ocean through the many channels of 
the Arctic inland R to Bafiia Bay and the North All untie, and on an 
early freeso^up followed by a severe winter, wStli sledges os the only 
means of travel. 

In 1854 the long-sought Nortbvrestt Passage was finally traversed hy 
Captain McClure and part of his crew* They abandoned their ice¬ 
bound ship north of Banks Island in 1853 and sledged eastward to meet 
Captain Kellett at Dealey Island* The next spring ^PClure sledged 
to Beecher Island and was brought out from there by ahip, When 
the news tliat the difficult route bad been found wiis combined with 
geograplijc inform at ion which w'as rcjiortetl on icB and navigation 



M<rpoi Idcea hr Hwik*' in c^mphiing th^ N^t9r*»i Pa*tog*. 


ROUTES OF THE ST, ROCH 

JIM THE 

NORTHWEST PASSAGE 

-4^-™ T&44.. SLEDM PATROL, 


L 


IT91X3— iWmt» p. SO) 


I 



















































41 u 

-■ - t 

' ^ . -T 

/ 

f 

f 


> I 




J 


\ 


r 


' ‘V-'' 












KOBTHWEST PASSAGE—^HOBINSOIf 


221 


conditioiis by the many expeditions, eiitbimasm for the Northwest 
Passage declined among esplorera. In the n:ieantime, commerce now 
knew safer and oioie dejjeiiidable routes to carry the world's mercban’ 
dUe, and no longer encouraged interest in the Passage. 

The Northwest Passage, which had brought so many ships to de¬ 
struction in the ico during tliree long and arduous centuries of polar 
exploration, remained uncotiqucred by any one vessel until the he- 
gimiing of the present century. In 1903, Koald Amundsen, Norwegian 
Arctic adventurer, entered Lancaster Sound in a small 4T-ton vessel, 
the Gjoa^ and took a routa soutltward into uncharted Peel Sound, be¬ 
tween Somerset and Prince of Wales Islands- He navigated as far as 
souLheaatem King William Island, where his party spent two winters 
at Gjoa Haven (Petersen Bay), studying terrestrial magnetism near 
the North Magnetic Pole on western Boothia Peninsula. In leaving 
the Arctic, Amundsen sailed westward through Queen Mnnd and Coro¬ 
nation Gulfs but was caught In the ica nttxr Herschel Island, where 
he passed his third winter in 1900. Nest summer he and hia crew con¬ 
tinued westward, becoming the first persons to navigate the Northwest 
Passage successfully from east to west in u single ship. 

Within the modem period the Hudson's Bay Co. has experimented 
with the USD of the northern route to bring supplies to its far-flung 
northern trading posts. In 1938 the H. B. C. schooner Foft /ronas, 
drawing 9 feet of water, entered the western Arctic from the east 
through LfSnenster Sound and Peel Strait and brought supplies to the 
Gjoa Haven trading post on King William Island. After spending 
two winters there the Fort Jamts relumed to the eastern Arctic via 
the same route. This was the first commercial ose of part of the pas¬ 
sage, hut when the F&rt James was sent to the western Arctic in 19M, 
she traveled via the Panama Canal. 

In 1937 the Hudson's Bay Co. icebreaker Naacapie^ cnrtyit'g tii® 
Canadian Government Eastern Arctic Patrol, opened the trading post 
of Port Ross at the eastern end of Bellot Strait, and here met and 
exchanged freight with the small H. B, C, schooner Aklaviisy which 
came np from King William Island- Thus Bellot Strait, which had 
five times defied Captain M’CHntook and his Fate in 1858-59, became 
the meeting place between the eastern and western Arctic on the 
Northwest Passage. Shallow seas along the western section of this 
route, however, limited the size of boats to small schooners tike the 
AJeiavik^ Causing the rout® to be of little economic value, and the 
scheme was dropped in 1940. 

The ship wliich was to make history in the Northwest Passage, the 
R. C. M. P. schooner St. Sockf was built in 1D28 and entered the wistem 
Arctic around the Alaskan coast. In the following years the 89-ton 
two-masted vcsssel traveled along the western Arctic coasts and islands 
(l(T«212—*0-IS 
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as a ‘^floating police detachment,^* cariylng supplies and doing routine 
patrol work without fanfare, tbrougli the aanie difficult ice oonditiona 
which had cost so many ships and liTes union g the eaj'ly explorers. 
These hardy admilurers were able to brave only one or two winters 
in the Arctic, but the sturdy St. Roch has spent 11 of ber 16 years 
frozen into the ice of some Arctic harbor. In 102S-2D slie wintered at 
Langtoii Bay. Four successive winters, 1630-31, wetn spent at Tree 
Kiver, in Coronation Gulf, and three winters, 1035-37 and 1033-39, 
were passed frozeu in at Cambridge Bay, Aided by modem ec^uip- 
ment and radio cooununication, the H. C, M. P. boat has been perform- 
iug feats of Arctic ice navigation cq^ual to those history'making voy¬ 
ages of Jess than a century ago. But to StafF Sergeant Henry A. 
Isirsen, who has been tlio unassuming captain of tho schooner during 
all tliese years, tills diflicult work of navigation and long winter dog- 
slcd patrols are the usual routine in maintaining law and order in liie 
Csnadian Nortln 

On June %% 1610, the SL Eoch left Vancourer, Britlgrb Columbia^ 
beginning the historic voyage which was to make the 80-ton schooner 
the fir&t ship to complete the elusive Northwest Passage from west to 
east^ The voyage northward tliroiigb the Inside Passage and 
tiio Nortb Pacific to the Aleutians was uneventfuL The SL Kcfch 
entered Bering Sea through Unimak Pass and anchored at Alcutan 
Harbor to check her engines and fill the fresh-water tanks. The 
schooner continued to Dutch Harbor in the Aleutians on Jiily & to 
load a supply of fuel oil for tlie diesel-powered engines. Adverse 
weather, with strong winds^ rain and fog, was met in crossing Bering 
Sea and, after stopping at Teller Harbor for a day^ the Si, Roch passed 
through Bering Strait in a dense fog and entci-^ ibe ^Arc.tic Ocean 
on July 17, 

On July the RogK rounded Point Barrow spit and n^t the 
first loose-scattered ice By evening the blocks htid become more 

tiumeroiis^ and the liocli began the familiar task of slow^Iy ^Srorking 
the ice —twisting and turning from one lead to another opening^ edg¬ 
ing around large floes and pushing aside small blocks^ drifting witlj 
the pack and waiting for a lead to appear j Larsen and the SL Rock 
bad been doing this patient work in partnersidp since 11^28. Progress 
was slow and it became n piuirefit that this was going to be a bad year for 
ice along the northern AJaskan coast. 

Ice conditions arc unpredictable in the Arctic, and are greatly de¬ 
pendent upon prevailing winds. The polar pack icO| which moves in a 
general clockwise direction in the Arctic Ocean^ presaes southward 
Q^ijvst the Aloskan coasts In yea re when prevailing wjuds are cast¬ 
er y or southerly, the ire is moved westward and leaves an open strip 
a ong e coast; hut northerly winds will jaick tlio flore against the 


NORTHWEST PASSAGE' — ROBINSON 


223 


shore, impeding or blocking passage. Although this northern route 
was formerly used by whalers, msny were lost during bad years, and 
since 1936 only the H. B. C. schooner Fm iPoae, in addition to the SL 
Roch^ has entered the western Arctic ria this route. Small schooners 
hare more success along the Alaskan coast because they can trarcl close 
to shore inside of the ice which grounds in the shallow coastal water. 
The only large ship to attempt this route, the H. B. C. icebreaker 
Bayehimo, after a few successful trips was caught in the ice ofi Point 
Barrow in September 1981, and abandoned. 

For 18 days the St. Sffeh struggled in the pack ice, east of Point 
Barrow. During much of this time the schooner had to be continually 
tied up to laige flexs for protection, and movement was mainly con¬ 
cerned with preventing the ship from being crushed. The weather was 
constantly foggy, further curtailing chances to see leads. At ono time 
the St. R&ch was able to anchor dose to slioto near Beediey Point, but 
as the ice began to close in again Larsen had to put the arhooner back 
into the pack to avoid being shoved ashore. It was then moored to a 
grounded floe for 2 days so as not to lose distance by being puEhed 
westward during a f iirioos northeasterly gale. On August 2 the police 
ve$el resumed working eastward and reached Cross Island before be¬ 
ing caught once more. Northwest winds jammetl the ice against the 
shore and pressed hard against die boat, an that on August 10 Laisen 
had to sta rt blasti ng tho ice in order to work free. A f ter each blast the 
schooner chorged into the opening and finally reached open water near 
shore. TJicrcafter good progress was made eastward, although the 
vessel scraped bottom several times. Barter Island was passed on the 
morning of August 11, and very little ice was eiiciountcrod between 
there and Herechel Island. 

After loading coal and other supplies, the St. Roch left Herschel 
Island on Augw.st 18 and crossed Mad^nxie Bay to Port Brabant (Tufc- 
toyaktuk or Tuk*tuk). From this harbor the police schooner contin¬ 
ued her normal routine patrol work of carrying supplies to the various 
R. C. M. P, detachments in the western Arctic. Bad ivcatlier, fog, and 
strong winds cnu.sed several delays in the eastward trip to Coppermine 
and Cambridge Bay, and it was not until September 16 tliat the 
schooner retumwl to Coppermine with her frrighting diities finished. 

Captain Larsen had originally hoped to proc«e<i through the North¬ 
west Passage via Prince of Wales Strait between Victoria and Banks 
Islands after completing tho freigliting work, hut tlie delays caused 
by ice and bad weather discourog^ any such attempt so Into in tho 
season. A decision was then made to winter either on Banka Island 
or at Walker Bay on centra! west Victoria Island, and to be ready to 
navigate the Passage early the next summer. Tlie St. Roeh, therefore, 
left Coppermine on September 19 and went to Holman Island and 
thence to DeSalis Bay, Banks Island. 
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Septomber 25 spent in examining the enonmoua harbor and 
sniToiinding country at DeSnlis Bay, but when Larsen noted high 
ridges of rock and gmvel pushed up along the shore, indicating heavy 
ice procure during break-up is the spring he considered it unwise to 
winter here. Since no other good harbors were known in the area, the 
St. Hoeh sailed for f^alker Bay, where the explorer, CoUinson, had 
wintered in 1851-^2, The vessel had a total of 5)240 miles to show for 
a season’s work when aba was anchored In the southeastern part of 
this bay. 

A continuous strong east wind blew during most of October and 
prevented Walker Bay from freezing over until October SO. It was 
the latest freeze-up known in this area, and, If Larsen had had any 
way of knowing that it was to be so delayed that year, It is possible 
that he might have been able to make his way immediately through the 
Pa&aage to the eastern Arctic, The vagaries of Arctic weather arc un¬ 
predictable, however, and what is done in one year may not be possible 
in another. After the schooner was frozen in, a framework was con¬ 
structed and the deck w'as completely housed over with canvas. 

During the winter of 1040-41 the St, Hock detachment made several 
normal patrols through the area, visiting native comps to investigate 
Eskimo conditions and welfare, registering vital statistics and fire¬ 
arms, and generally carrying out the many other duties of the R. C, 
Sf. P. in supervising this vast Arctic region. As is customary, travel 
woa by Eskimo dog team and sled, and the nightly shelter was a snow 
house of their own construction. Short patrols totaling 000 miles were 
made to Holman Island for mall, to Minto Inlet, to Prince of Walea 
Strait and inland on Victoria Island, One especially long patrol of 41 
days, covering about GOO miles, was made for the purpose of visiting 
the prosperous Eskimo camps on the western side of Banks Island. 

During the spring, when days became longer, the vesel and equip¬ 
ment were scraped and pointed and all machinery was examined and 
overhauled. The ice in the harbor began to break up in July, but ivcst- 
eviy winds kept Walker Boy blocked with floes for some time. On July 
Larsen decided to try to work his way out, and, after much maneu¬ 
vering, finally reached tlie trading post and mission at Holman Island. 
Here duty intervened, preventing the schooner from attempting the 
Passage through Prince of Wales Strait- A native boy had been ac¬ 
cidently shot and needed to betaken to hospital at Aklavik, Large and 
numerous ice floes, foggy weather, and a storm off the mainknd coast 
made progress slow^ ai>d tlie h&tbdr at Port firabant whb xiot 
until Au^t 5. IVhercas Amundsen Gulf bad been free of ice until 
very late in the preceding year, during the Bummer of 1041 floes jammed 
the northern part of it Uiroughout the whole season. Thus does the 
natural environment limit planning in the western Arctic. 
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Supplies wBre loaded into lio Si- Roch at Port Brabant on August B* 
and the Tcssel left for Coppermine to fulfiU her freighting dutl^ 
Scattered ice^ rainj and fog made travel to Baillie Island diflicu It, while 
largo unbroken floes extending eastward to the horizon forted the 
schooner to travel along the shallow shores. Open water was finally 
reached in Dolphin and Union Strait, and the vessel arrived at Cop¬ 
permine on August IS. Coronation Gulf favored the St- Roch with 
good weather and open water, and she anchored in Cambridge Bay 
early on August 16. 

Since the detachments bad now been given their yeaPs supplies, 
Larsen decided to continue eastward and attempt the Passage around 
King William Island and through Ballot Strait. On August 19 he 
left Cambridge Bay, but strong westerly winds, rain, and fog were 
ill omens, Larsen was forced to anchor in the shelter of Lind Island 
and was held them until Angust 24. The compass was now useless, 
owing to the prorimity of the Magnetic Pole, and navigation through 
island-studded Queai Maud Gulf was by eipcrience and seaman’s 
“sixth sense.” The St. Roch proceeded caatiousJy toward Simpson 
Strait, south of King William Island, taking soundings c^atmually, 
since no vessel of her draught (12^ feet) had ever been in these 
waters. Because Simpson Strait is narrow and full of small rocl^ 
iBla-nHs , T ^anipn sent tlic motor lauuch ahead to sound a course. The 
bottom was uneven, with depths averaging from 6 to 8 fathoms, and 
with several shallow places of 3 fathoms. On August 26 the vessel 
remained at anchor during a thick fog. The next day site proceeded 
carefully and reached Gjua Haven (Petersen Bay) in the afternoon. 

The seafaring policemen left this trading post on August 30 and 
were soon j nclimg their way through slioal water and strong tide 
rips in Bae Strait. A norUvwfflterly storm, accompanied by hail and 
snow, forced the schooner to the coast in the shelter of Mount Mathe- 
son, on the eastern tip of King Wilham Island. Here she pitched and 
rolled for a day before proceeding northward, with one man con¬ 
tinuously sounding with the lead and another at the masthead on 
the lookout for shoals. East of Matty Island large ghtals, which rose 
abruptly from 10 to 2% fathoms, forced the schooner to seek deeper 
water. 

In the narrowest part of James Rosa Strait, northeast of Matty 
Island, the St. Roch was stopped by a solid wall of grounded ice 
extending from shore to sliore. Since the vessel was not built or 
powered to break such n barrier, she was anchored nearby to wait 
for the tide to change direction. Early in the evening the ice began 
puj^bing southward in a strong current. The only shelter available 
was in the lee of a am all rocky islet only slightly larger than the 
ac hoo n"'' herself, A snowstorm shut off visibility, and througliout 
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th« night the St. Hock, with both imchors out, was continuallj battered 
and pushed by griading ic« blocks, and the little company on board 
did not know whether they were still near tlie islet or were caught In 
the ice. Tlie mortiing of September 3, however, found them still there 
and undamaged, and when a south wind began pushing the ice north¬ 
ward they moved along with it. 

On September 3, improved weather allowed the St. Hock to proceed 
northward between tlie coast and tho ice. The low land was now 
snow-covered, and when visibility became poor the white shore could 
not be distinguished from the grounded ice. During the day the wind 
changed to the west, gradually moving the ice closer to tho coast. 
It became apparent that there was a dednite danger of being caught 
and crushed. Fortune was with the valiant ship, however, for Paaiey 
Bay, a long inlet, erroneously shown on the charts as a broad bay, 
appeared ahead, and the St. I?och was forced into It, 

The next morning its crew made a trip to a nearby hill to loot 
westward over the ice of Franklin Strait and M'Ciintock Channel. 
It was jammed against the coast as far as couid be seen, and extended 
in a jumbled majis to the horkon. In the afternoon large does began 
to shove into the inlet, and the St. Speh had to move farther in. Soon 
the ship was completely surrounded by heavy ice and could no longer 
maneuver. On the morning of September G the ice carried the vessel 
against a ahoal in V^ fathoms, turned the schooner twice, listed it to 
alternate sides, and tlien pushed it completely over the ehouL dragging 
two anchors and 90 fathoms of chain. 

Heavy snowfall and variable winds continued, and the St. Hook 
remained locked in the ice until September 0, when deep water was 
found in an opening close to the shore. On September 11 the ice 
movement ceased. New ice soon formed rapiilly in the open places, 
and the whole inlet froze over solidly. As it was now impossible to 
escape, the ice was cut away from the ship, which was anchored far¬ 
ther olT-shore so as not to be grounded in the spring, Freparations 
were then made to spend the winter in Pasley Bay, close to the Xorth 
Ifagnetic Pole on Boothia Peninsula, and the news was radioed out¬ 
side. The schooner had traveled 1,G60 miles during the summer. 
The season was etitl curly by normal etaiidards, and Bellot Strait and 
the Northwest Pasago wore only IDO miles away, but the fickle Arctic 
had again frowned on the St. Hoch. 

I he stranded R, C. M. policemen had an important task to perform 
during the winter of 194MS. In the taking of the census of the 
Canadian Arctic areas, their job was to meet as many ns piMsiblo of 
the Canadian Eskimo in this little-visitcd region. In oHer to do this 
j^n traveled by dog teem to the trading po.'d at Fort Ross in early 
i^mtwr and obtained information as to the location of the native 
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ram p sites in t]ie Arc®. In early January Constable Chartrand pa¬ 
trolled to King William Island to prepare a fish cache for the long 
spring oclisus trip, and also to bring bpclc additional winter elothing 
made by the natipes for the detadmaent. Toward the end of February, 
SergeantIjRrsen and Constable Hunt, having picked up a native guide, 
left their winter headquarters on the St, Socfi’ for an epic patrol which 
was to cover 1,140 miles and extend over n period of T1 days* They 
traveled north to Fort. Sosa and beyond to Creswell Bay, then south¬ 
ward along the east coast of Boothia Peninsula to the mission at Pelly 
Bay. After spending Easter there, they traveled westward to Gjoa 
Haven, King William Island, where both were laid up for 14 days with 
influenza. This illness curtailed the patrol, and they returned to the 
St, Itoch on May 6* 

The winter weather at Pasley Bay was quite ( 11501 ™! from any other 
that Sergeant Larsen had known previously in the Arctic, Continued 
fog and snowfall with variable winds made visibility jxjor, while 
sudden changes in temperatnre from 30 below zero to zero and back 
again within a short time made it difficult to become acclimated. As 
summer approached it became apparent tiiat the ](» was not going to 
break up early in this region* It wag still packed solidly outside the 
inlet, and pressure ridges, 60 to 100 feet high along the coast north of 
Pasley Bay, showed the results of euormous ice forces. Since the ice 
was to remain that year there was virtually no navigation season for 
the west side of Boothia Peninsula during the years 1941-42. 

Tlie St. Hoch and police crew spent It months at Pasley Bay, On 
August 4, fresh water draining into the harbor loosened the ice and 
allowed tliem to move out of the inlet. On the shore behind th^ left 
a new cairn and grave* On February 13, Constable Cliartrand had 
liad a sudden heart attack and died almost immediately; his death 
was the only tragedy of (he trip* 

Captain Larsen navigated shoreward of the main pack ico and made 
16 miles northwarfl along the coast bef(5re being stopped by a solid 
mass of floes. He then put the vessel into a small lead extending 
west ward to await a break-up. The opening closed, however, and the 
schooner was caught and held there helpless for 20 days. On several 
occasions, while they were beset, severe pre^iire lifted the boat high in 
the ice and thr(?atcned to turn her over. At these times charges of 
black powder wore set off near the vessel to relievo the pressure, while 
the police crew worked with ice chisels to keep free the propeller and 
rudder. An easterly wind curried the schooner farther and farther 
away from the coast. 

On August 24 a strong northerly gale split the ice and opened a long 
lead south from one of the rocky ToFunania Islands. It took two 
ansious days for the St, Roch to break through the short distance to 
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tb® lead and tben to follow the twistings grinding opening to the 
safety of a deep anchonige among this small group of high isl and^ 
A strong current set bach and forth through the islands, with tile 
regular 5-foot tide, and on August 28 Larsen decided that the leads 
looked promising. They worked northward to Dixon Island and then 
found easier going to Betlot Strait. 

With the Northwest Passage praetically in their grasp, tragedy 
almost struck the St, HocA and crew in 13ellot Strait. The western 
end of tliestrait was free of ice, but the tide was changing direction to 
the eastward as the vessel entered. The ice from Pee] Sound was 
carried in behind them. Half-way through the strait, lifttaen sud¬ 
denly saw that an ice jam had formed ahead from shore to shore. They 
could not turn back and were headed for a large, thick, grounded floe. 
Then, just os they were about to crush and be wrecked, a smaller l3oe 
hit the larger one and broke off its southern half. The neat moment 
the St. prow went into the widening crack and she drifted for¬ 

ward between the two floes. 

The St. Roch left Fort Ros on September 2, surrounded by mowing 
floes, and worked north in Prince Kegent Inlet, with young slush ice 
already forming. The Naac&jnef on the Eastern Arctic Patrol, was to 
have entered this inlet later in the month, but although she had reached 
Fort Boas successfully for five prcTious years, she was stopped rhiB 
time by the ice which was already threatening Um St. Reeh, The 
hurrying schooner entered Navy Board Inlet and stopped at the Fond 
Inlet post on Northern Baffin Island to discharge stores and coal for 
tlio police detachment and to pick up Constable Doyle. On September 
10 it left this eastern Arctic post and traveled through numerous 
ber^ and storms southward along the Baffin Island and T^ah rad o r 
coasts. 


After stopping at Lkibrndor, Newfoundland, and Sydney, Nova 
^tia, the Si. Bach and crew arrived in Halifax on October U, hav¬ 
ing travel*^ 2^10 miles en route during their third summer season. 
TJie historic news that the St. R&^h was the first ship to complete the 
weat-tMast voyage tlirough the Northwest Passage in Northern Can¬ 
ada was then released. The trip of months bettered Amundsen’s 
fame, and, with improved weaker and ice conditions, it might well 
have been less. To Staff Sergeant Henry A. Larson this historic feat 
was an achievement of which to be proud, but nothing about which to 
become excited, lie and bis police crew had been traveling around 
amid the ice floes of the western Arctic in good and bad seasons for 14 
^ars and had conquered the Passage as a side activity while success¬ 
fully carrying on with their other police duties. Lareon discounted 
his long winter patroLs by Eskimo dog team and b 1«1 as something 
T - ? ' P~ Police ate doing every winter throughout the 

1 C in eepittg contact with our migratory Eskiiiio populiition^ 
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During the 1043 navigation ECason the St. Roch liad a change of 
scenery while |>atroUmg the eastern Arctic detachments. She entered 
Hudson Strait after most of the ice had gone, and had little trouble 
in sailing around in this new region with no ioa impediment except the 
huge bergs met off the eastern Ballin Island coast, ITie eastern Arc* 
tk, however, is not always so friendly. 

During the spring of 1&44 the St. liach was provided with greater 
engine power, one mast was removed, and she was dtted with the 
luxury of a new gyrocompass. The B. C. M. P. wewi going to patrol 
another route through the Arctic islands as part of Canada’s work in 
maintaining sovereignty over these barren, uninhabited islunds, and 
the partnership of Larsen and the St. Ro&h was scheduled for another 
hi^oty-making voyage. 

On July 23, 1944, tlie St. Bceh left Halifax, but dcvclo])ed engine 
trouble which fointsd her to put in to Sydney, She left there on July 
20, but had to moor again at Curliug Cove, Newfoundland, to make 
further engine adjustments. On July 28, ahe put to sea once more, 
and thereafter h^ no further engine difliculties. Numerous bergs 
and thick fog were found off the Labrador coast, but Larsen navi¬ 
gated around icebergs just as efiiciently as he worked through Hoes. 
Cape Chidley, the northern tip of Labrador, was passed on August 2, 
and the next day the patrol was greeted with the familiar sight of 
pack ice off Hall Peninsula, BaQin Island. The ice was broken, but 
tightly packed, and progress was impossible, so Larsen swung over 
to the usual open water off the (Greenland coast on August 4, On 
August 6 he turned w’estward toward Bafiin Island, and again met 
pack ice and fog slightly south of River Clyde. For sevei-al days the 
gyrocompass had been unreliable, and would suddenly change 10*^ to 
SO*’; ffnally it had to be ignored as useless. Larsen’s navigation from 
then onward was by sight, experience, and the wavering magnetic 
compass. 

In trying to work through the ice to travel near the const off River 
Clyde, Larsen found that the land-fast ice had not yet broken up and 
he had to stay offshore. His difficulties were iurtlier inci^eased by an 
amazin gly strong mirage effect which made the leads didicuU to pick 
ouL Progress was stopped on August 9 by floes that were very large 
and unbroken, although only about 3 feet thick. Bylot Inland was 
glimpsed through a thick fog that evening, but the St, Roch remained 
moored to a large floe off the entrance to Pond Inlet until August 13, 
when she slipped forward and anchored off the post settlement. 

Detachment supplies were unloaded at Fond Inlet, and the police 
picked up a native, his family and IT dogs. The Eskimo was quite 
willing to adventure into the unknown, and so, in case the St, Rooh 
should be forced to winter, he was taken along to hunt food and aid 
in wunter traveling with his dog team, llm expedition left Pond 
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Inlet on August 17 and, proceeding up Navy Board Inlet, crossed 
Lancaster Sound to Devon Island, A strong southerly gale off Capa 
Warrenden caused the St. Jf&ch to pitch a great deEil before shelter 
was found in tlie lee of a large flat-topped iceberg. There it cruised 
back and forth until the storm subsided, 

TJie St. JtoeU arrived at the former R. C. M. P, post at Dundos 
Harbor, Devon Island, on August 18, and found the unoccupied 
buildings in good condition. The patrolling schooner and police 
crew left the neit day and followed along tlie high, cliffy coast nnt jl 
they came to a good hnrbor in a Uttle-known T-mik inlet (either 
Stratton Inlet or Burnett Creek). Hero they found ruins of an 
Eskimo culture of several centuries agOj after building a cairn and 
depositing records of their visit, they departed. That evening 
(August 10) the flrst snow fell, heralding the coming winter. 

Larsen and the St. Roch oontltiued westward, but the coast line was 
usually bidden by frequent heavy edow squalls; The weather cleared 
n^r HaiEwell Bay, Devon Island, and they saw n eteep-walled coast 
with no beacli and a flat-topped upland. A few bergs could be seen to 
the south, but otherwise Prince Regent Inlet was free of ice. On 
August 20, they arrived at historic Erebus Bay, Beechey Tdnn d, 

Beechey Island is actually connected to Devon Island by a low spit 
which is dry at low tide. A narrow lowland at the base of the former 
high-cliffcd ‘‘island” was the site of the winter quarters of several early 
Arctic explorers. Within recent times tlie site had been visited by 
one of Otto Sverdrup’s sledge parties in 1002, by A. P. Low in 1&04, 
by Captain Bernier in 1006 and 10OS, and by the C. G- S. Arctic in 
1023. Xiimcrous police patrols from Dundas Harbor, and also the 
Seothic, carrying the Canadian Government Eastern Arctic Patrol 
in 1027 and 1028, called there to keep a watchful eye on the historic 
ruins. Except for part of the keel and a bit of planking, all tliat was 
left of the yacht Mary, placed there in 1850 by Sir John Ross, was 
the mast, which was stuck in the sand. Only ruins remained of the 
cache called Northumberland House, left by Commander Pullen of 
the H. 51. S. Rorth Star in 1854. A further search of the jsbnd re¬ 
vealed nothing of historic interest. Since Ihe land was barren and 
desolate, with no fresh-water supply, the St, Rock proceeded from 
Beechey Island on tiie morning of August 22. 

Wellington Channel was clear of ice as far os could be seen to the 
northward, but the first floes were met drifting eastward at Corn- 
w'allis Island. Larsen followed leads through the tightly packed floes 
staying iiiaido of the line of Griffith, Somerville, and Brown Islands! 
along the Cornwallis Isiaivd coast. Several walrus were seen in 

brought Oft hoard to be used as 
dog feed. At otlier times, along the way, seals were shot to feed the 
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team of hungiry Eskimo dogs. Sincse the ice w&g packed soEdly to 
thesouthi Larsen turned north along Cormwallis Island os tar os Capa 
Airy, Tvhere he found leada pointing westward toward Bathurst Is¬ 
land, the south shore of which was obscured fay a heavy anowstorni^ 
Despite being tunicd and buffetted by the ice, the St. Boch main- 
tamed a forward course, and Cape Cockbum was reached about noon 
on August 23. Here solidly packed floes blocked further progress. 
The tide set to the east, and the SL Raeh was carried 20 mil^ back to 
Ackland Bay before anchoring close to shore. Larsen’s difficulties 
were further increased by the failure of hia magnetic com pass j which 
had pointed fixedly at the bow of the schooner for sevoraJ days. For 
the remainder of the voyage he had only his Admiralty charts and an 
amazing sense of direction upon which to depend as navigation aids. 
Even the sun was hidden by continuous snowstOTxn& 

Early in the morning of August 24 the St. Bock once more slipped 
along &e coast to Cape Cockbum and anchored, while a party went 
aabotfi to look lor Captain Berniercairn. No trace of the Cairo 
could be found, but numerous bear tracks in the area suggested that 
these curious animals might have scattered it Larsen left an 
R. C. M. P* eaim near a conspicuous rock on the south side of the( 
point and placed a record of tlieir visit inside It for historical ref¬ 
erent From this high cape it could be that Viscount IMelville 
Sound was filled with ice to the horizon* The ice was broken but 
tightly packed, and was pusbed against the Islands by a strong south 
wind. Ice was also being carried southward by curreiita through 
Austin Channel, west of Bathurst Island. 

Since he could not prooecd westward, Larsen decided to try a route 
north of By am Martin Island* He experienced a great deal of 
trouble near Graham Moore Bay on western Bathurst Island, owing 
to the SL Boehms drifting southward with the current each time she 
was stopped by the ice. After patiently working hack and forth from 
one small opening to another, slioving the fioes when possible, or let¬ 
ting them drift by, the SL Roch made the north coast of Byam Mar¬ 
tin Island on the evening of August 25. Here Corporal Hunt and a 
party went ashore to build a cairn and leave a re<^rd of the patrol. 
Because of a heavy snowfall, no observation of the surrounding land 
could be mndCi but fresh caribou tracks were seen. 

August 23 began with clear weather and a fresh westerly wind. 
After rounding tho northern tip of Byam Martin Island, the expedi¬ 
tion found open water to the westward. Melville Island was soon 
sighted, near Con<»ett Head, and the men saw a herd of 12 musk oien 
grazing on I he gros^ lowland. Other herds of musk oxen were seen on 
the tundra farther souths proving that these protected ojiimals, part of 
the remnant of the apecies, had survived on their isolated sanctuary. 
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£Kc«pt for a long patrol by die late Inspector A, H. Joy of the 
R. C. R. to the island in i020, no white man has visited Mdlville 
Island since Stefansson's Jiarty in 1917. 

South of Gi'ifiitb Pointf Melville Island, where a caim was buDt, 
the St. Hoch was forced to travel slowly, owing to shoal water of 4 
to 8 fathoms for 2 miles off the coasL At midnight the expedition 
anchored off Palmer Point, with still no ice in sight, and another rec¬ 
ord was deposited. An excellent harbor north of the point was ex¬ 
amined the following morning, when thick weather discouraged fur¬ 
ther sailing. At noon on August 37 the weather cleared, and they 
approadied Dealey Island, whore the huge cairn, topped by three 
barrets on a post, could be seen for miles at sea. The party went 
ashore and examined the large cache left by Captain Sellett of the 
H. M» S. in The walls of the mche were still stand¬ 

ing, but there was no roof and most of the contents had been de¬ 
stroyed by the weather and marauding bears. The skeletons of two 
bears found nearby suggested that they might have been poisoned by 
consuming some of the spoiled food. Some of tlie barrels contained 
clothing,sea boots, flour,chocolate, peas, beans, and tea; al! were in a 
soggy, rotten condition. So-me of tho iron cans and tanks contained 
hardtack and canned meats and vegetables, but most of them bad 
been broken into and the contents had spoiled. On the beach close 
by the men found two broken rifles and a case of anununitioD left by 
Captain Bemlcr in liKID. 

They left Dealey Island on the morning of August 28, and traveled 
along the low cosat to Winter Harbor, about 00 miles to the south¬ 
west. Winter Harbor was chosen by Captain Bernier os the winter 
quartern for bis Canadian Goremment Expedition of 100S-0&, and 
was visited again by him in 1910. The storehouse built by Bernier in 
I&IO was still in fair condition, although almost; empty, and from a 
rafter hung a bottle containing the record left by Inspector Joy who 
had last patrolled there in 1029, Numerous tracks of musk oxen, 
caribou, and wolves were noted around the harbor, but only one old 
bull musk ox w’as seen. 

Mter depositing a record at Parry Rock, Larsen and his crew left 
Winter Harbor ou August 30 and bad a clear run 30 miles to the 
south before meeting heavy ice. Due to mist and rain, they moored 
to s large floe to await visibility and replenished their fresh water 
tanks from pools on the ice. Early the following morning they began 
working their way through tlie heaviest ice yet encounterwi, as it 
pushed eastward from the Arctic Ocean through irClurc Strait. 
Several times heay fog, which obscured leads, preventeil progress, 
and they were gripped by the general oounterclockwiBe revolving 
motion of the churning, growling ice. Soundings of 50 and 93 
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fathoms were ohtftiiiEd during the croa^ng of the strait. They drifted 
throughout September but toward evoniug of Septeinber 2^ after 
they hftd worked forward again, the fog lifted and a capo loomed 
ahead. Larsen did not know which coast of Prince of Wales Strait 
the «ipo marked^ but decided to lum eastward. The cape proved to 
be Peel Pointy and ho soon realized that he waa in Richard Colliuson 
Lnleb Since there was much ice in the inlet and more pouring in 
behind the boat, Larsen did not conaidor it wise to explore the inlet to 
its hoadf and so turned around and retraced biH course to Peel Point. 

The SL HoeA entered Frhiee of Wales Strait on September 3 in 
bright, dear weather. No ice blocked the passage and good time was 
niade to the southward. Holman Island was reached in midafternoon 
of September 4, and the exciting news that the vessd had como through 
the Northwest Passage was given to the amaxod Hudson^s Bay Co^ 
manager* Alitiough many expiorcra had spent years in imsucces^ully 
trying to work through the eastward-moving ice, it had taken Larsen 
and the SL R&ch only 18 days from the time they entered Lancaster 
Sound until they were at Holman Island in the western Arctic. 

Larsen received instructions from Ottawa to proceed outside to 
Vancouver and to complete the coast-to-coast voyage if ho could* 
After ho loft Holman Island on September 5, heavy ice gave difficulty 
all across Amund^n Gulf and forced the SL Sock to proceed slowly 
close to the shallow shore of the Canadian mainland west of Cape 
Parry. On September 8 she was freed of the ice off the harbor at 
Port Brabant, but ran aground trying to enter it in the dark- Larsen 
backed her off and was able to get in just in time to ride out the worst 
storm ever known at this place. Two days later, when the storm 
abated, the entrance to the harbor was completey changed and Lai-sen 
erected new markers. The ice wois packed solidly in Mackenzie Bay 
by the northerly hurricane, and it appeared that the SL R&ch would 
have to winter at Port Brabant. On September IT, however, Larsen 
decided to attempt the crossing, and, after making slow progreos 
through the heaviest ice seen during the voyage, successfully reached 
Herschel Island. The Eskimo family and dogs from Pond Inlet were 
left here, along with a large share of the 5^* Jloch^9 coal and other 
supplies. 

The history-makiiig ^Mounlie$^^ left Horschel Island on September 
21, as the harbor was beginning to freeze over, and met more heavy ice 
and fog along the Alaskan coast. With their goal so close, the cruel 
Arctic weather was teasing them by making their progress more and 
more difficult, but tlie SL Roi^h and her determined crew were not to 
be denied this time, and their exparionced captain couutencd every aim- 
le^ movement of the ice. The last of the polar pack was left behind 
near Wainwright Inlet, Alaska, and the remainder of the voyage 
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became merely a matter of teaching port. Sto|B were made at King 
Island in Bering Sea and Akutan Harbor in the Aleutian^ 

After they left the Aleutian port on October 4^ a violent 2-day 
storm and heavy swells on the North Pacific provided but a fitting 
finish to an ciciting historic voyagp. 'roward evening on Odober 10, 
the St. lioch came into Vancouver Harbor with all flags flying and a 
large white banner proclaiming the successful trip through the North- 
weal Passage. Three hundred and siity^ight years after Martm 
Frobisher Brat attempted to enter the ArcOc, seeking a northern route, 
the E. C. M, P. schooner St. Boch became the first ship to complete the 
Passage in a single year from cast to west, with a total elapsed time 
of 8C days. As Captain Larsen expressed it: 

We were ladty nnd had the bredlra. No one caa pcedlet lee or naTlpatloD condt- 
tlona la the Arctic. tVliat we accempIlBhcd thl* year might be Tepeated the neat, 
or it might be many yeam. Mueh wooW depeud npon the type of vessel used, 
and the 1« condlUona of that parttcular year. Our voyage ahowed that the 
NortbwHFt raasuge tan be traversed in a alagle year, hot doe« not prove that 
ihifl could be aecompllabed every year. 
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C^PT^^IN ANO CREW OF HiSTORfC 
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i. U,AC^NG A baskft.$ued for Winter patrol to Eskimo c*m«. 










STMJtbHMkii Rvpqtl. 


PLATE 3 



\ COhl&TAS4-E PETeKS AflD ESKII^O <3USDE ENfCAMPED FftliMCE OF WALES 

STRAIT^ 



2. 5MQW HOUSES IH ESKtMO WINTEF CAMP, 
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PLATE 4 



1. Heavy ice Fuqes packed fcLiDLv, 
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Plate 5 



2. Native woi^en oi^ Bathuhst (hlet in holioay attihe- 
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PL>TE 7 



1 THE TlfrlSTFNQ fHl_ET AT LAKE HARBOR 
liJipcf facre In iSi^ 



2. Picturesque PANCT^jrrruHa fiorq, the la^ stop of '-st. rxh " on her 

1943 PATROL. 
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PLATE 8 



1 CAPTAIN ahd Crew of St roch'" before the Making 1944 

Voyage 

Fmtit If ft Ui ricbt: C^nwl. JBtp» Onfc.: f’arer fL W. rNrnL K'innliniEp Mim. 

r«r|i. P. r. lluifc[, ViNbfliit ll. C,: H, iuhtiirti. “fwirtliitTp U. L\; SlAlf^pl- 11- ■<■ Ijintfia, Vlrrori*^ 

ft. I . Ilack njiA-^ SrTt lo rl^iliE; CinfHsE. >L O. OwfJMn Slntir. tl. I>lctcnji, Cbathtrnp fl.; 

f’TTinV Kftrt MW.t W'tJl. Ca^Eiill, I'^flrtniDUth. X. S,; 0\Uv^ -VwlnffcM'PL VJmHii Ijinrfini 

EEiaiLN nml Ijuk^PJ Di* 4 r tlfcr Eh^l ikjp. IVYJ- 43 . 



2. PASSIHO GLACICftS AND IceCAP ALONG BAFriM ISLAND COAST OF NAVY SOARO 

INUST. 




1. CAPE Bounty. Melville island, on the l jotn meridjan. 

TL« llriiL-O Ailminltv a. nf Xfmnii (or ih^ rtnu [vwiriR iif lh]a (ifjirit. 



APfROACHIW BEEEHEt island. 

njikif if Kj^hui brj 141 HRhi iKjiijjia rim 








P1_J^TE 10 



1 THE CAIHM ANO RutNS AT BEeCHev ISLAND ARE ON THE FORELANd TO THE 

LEFT SELQW the CHFF+ 



z. CORTOHAL Peters, Constable McKenzie, and cdnstasle andreasen 
STANDI HQ Beside franklin memortal tablet on beechey island. 
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J CACHE BUILT BY CAPTAIN KELLETT, 1852. TO 1-IOLD SOFPCIES FCH 

FLTTURE EXPeoiTlONfi, 

^rp|fr4?in|Kr Him ^ l^y Ki^lldE 



r- IMSIDE (JF KELLETT^S CACM5 Ot* DEAt^EV IStAWEJ. 
Mmi ttf 0i4ii«iiu 
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Arrival or THE "ST Roch" im VAPicouveRpH c,, after Successfully Tray- 

ER51NO THE f>JOWTHWEST PASSAGE FOR TmE FIiTST TlIrfE IN A SInOLC VEAH 














THE NEW ENGLAND HXJBEICANB OF SEPTEMBER 1944* * 


Bp Cbables F. Bboosb and Cbatuait 

Borvord 

BtMC fftil XettonJoffieat Obtervalor)/, ilittoft, Maut 


A great burrieane in the Puerto Rico^Bahamas region is always 
a menace to New England. If the stonn^ metoad of striking iidand or 
recurring out to son in the usual way, heads up the Atlantic Coast 
with increasing northward relocity, the danger becomes imminent. 
For this to occur, there must be a broad northward current at heights 
of 3 to 5 miles and on ample supply of warm, moist air to maintain 
its energy. 

The 1944 storm developed under general atmospheric conditions 
not unlike those prevailing at the time of the 193S hurricane.* At 4 
p. m. (E. W, T.) on September 8 the presence of a tropical disturbance 
was announced from San Juan, P, B., and on tlie 9tb a badly shaken 
reconnaissance plnne found that it was an intense storm at about 
N., 60* W., which later reconnaissance proved to be a fully developed 
hurricane moving west-northwestward.* From September 9 to 11, 
while the storm was slowly approaching the Carolinas (some 1,000 
miles distant), two prongs of tropicahmaritime air were pushing 
northward, one from the central Gulf coast, carrying a small hurricane 
with it, the other from the Bahamas, forming a low over Hatteras. 
Caught between these, a wedge of high pressure over the Appalachians 
declined during the 19th and 13th. Meantime, the anticyclone that 
had covered the eastern United States on the Otb joined the Bermuda 
high and thus built a pressure ridge,* favoring on its west aide the 
northward movement over the coastal waters of large volumes of 
tropical air. 


^ ncpiiated hj pmstistaR, wtth n’wMooM mail Udditlodi, tTvin iht R^tIbw, 

ttL 58, JAUUArjp 

* C, F.* Biinkcani!* tnto Wtw KnifliiBtlH Qwk?, Rbt., toI. Sfl. pp, 

^!B«prlut«4, wilb revtgdotlB, la Ana. R4>p. flnItlisaulAD Tor IPSP, pp. I NO.) 

■ [SumDi^rr tt C.j The XnnJl Atlmllc b^^n(rao^ flf S^pftinlw 8-16^ 1N4, qd bmrk iif 
Dafl^ WBnlbcr Map, Ort. 31« 1S44 h 1). 8. Wfathar DD;rf>ah, WaHblb^oP, kbd Wllb 
Ot fflldf pbotorrmphi <rf tbimBjpF mt A1LhbII£ Cltjr AOtl A pharl of the trnc^ of th« 
of 1818 and 18^1. la HoDth, IVeatbrr Ror., TOI. 187-158, 1044. CEmal]^ 

tcale inotM Of tbo laohom of the itorD wm pQbllolied tuT 11:80 p, m. 8^tr|ept>«r iS, 
nod 8: SO oi3d ]l;50o. to. (E. W, T.l S 4 ptorat]«r 14 on tbc bndt of thx Dnllj Wntber 
SiBp, OcEobef B, IMS. Tor r^frren^ to amp of 8130 P- m, fifpEeJailM^r 14. if* fooEOot# 8w 
beldW.l l^ti U OB ETteBikn dfKrmloo wUb timefc aiip «Bd fAtileir tocIadlBG conip^rlHa 
irtlb tb« tOM harTln.B«. 

* A aEiallof pmiore Ia 1838 !■ mhoira la 1 of Dli KTtJcIf dfeil Is fooChoto 3. 
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JM MiLEa 
360 KiLOJifiT EFtS 


PtoUBE L—Tracts tturrlaiBes of lairs^ 1S21, 1038, noil 1044 {origSua net 

i^DwiiJp Date praltl^Kbs tbetse at 7 mm, TLe tmeka of tbe stomis of 
1038 and 1044 dUfur a Utile from thoae hCKtofor^ ptibllBlmL for the lelloifLuff 
rmi^ons: T7llh to that for 1038, Mr, 1, B, tamioMll, the chief hurrloQtie 

expert of the WeaUior Bureau^ and Rdthor of ' Harrleaiies: Their Nature and 
Blstiirj*" (5lh cd.* PHneetoOp 1044) p wrote (pervotiiia commuJitcatjDiip late 
3044); 'Tt i^ma t* me that It woald be better to place Uie center of the har- 
rleane at ahoqt the ?4tii mertdiaa na it passed Hattorna Pterce^’a mapi (Tlie 
mcteoroJo^rlcal Idatorj of the New Knulard hurricane of Beptemher 2i, IMS, 
Monlh. Weather E£T^ toU 07p pp. 237-2S5p figs. 12 iind IS, Aa^ist 1030) would 
Inillcmte that at 4 p. m. on September 21^ the radfiu!^ of the ares coTUred by 
the mea bwhar hud Lucreuaed coodldemhlyp wbereaa the radius of the area 
covered by the 20J30 Lsobar would have dimlnLshed aouaewhut^ lud;glng by 
reports to the wt-siwurd. It seems more reasonable to assume both hud In- 
crenaed In thti Interval, I think you are rtght that some cd uor charts show 
the c«utor a little too for to the westward os it pASaed Efatternii, hut It 
to me that a position about midway between the two (near T4* W,) wooid 

















NEW ENQLAiro H ETERI CANl!—BROOKS AKO CHAPMAJf 237 

On the 13th, at 4 5 30 a. m. (E, W. T.), the storm ceate^ n®r 
latitude 2T.&'" K., longitude 74* to 75" W., about 330 off 
mOTing northwest at 10 to 13 miles an hour (fig. 1), At 2; Me. m. 
on the 14th it had just passed the point of recurvatiire nnd hat^gim, 
though still slowly (20 miles per hour), its march northward with 
the upper current. Seven hours later, now advancing more rapidly 
(about SO miles per hour), its center passed cl«a ewt of Hatter^ 
where the barometer stood at 27-97 inches (947,3 millibars) and guste 
were estimated to reach 140 to 150 miles an hour. 

TUB nOUBlCAiJB IN FCIiL FORETB AT CAPE HATTBBAS, 1T3 FIBST 

LAMirALL 

We are indebted to Reverend F. B. Dinwiddie for an eiooptionally 
complete account of the raeteorologicol features of this hum- 

catie as it approached, passed over, and receded from Cape Hat ten^ 
Revei-end Dinwiddie deserves great credit for making such a record 
under tiie conditions of a storm of such eioeptional viole^ In view 
of the fact that the storm reached its first land at Cape Hatteras and 
was still very much in possession of its full tropical chi^ctenstua, 
these obsen-ations seem worth presenting in some detail. I hey reveal 
unexpected complexities in the great whirl. , 

The storm^ approach was oh^rved from Nags Head, on the out 
barrier beadi, but its full fury was noted from a leas hajmrdous l^ocation 
at Wancheae, S miles to the southwest. 'Ilie advance edge of the nm- 
form overflow from the storm was already in sight at 8 a, m. ^be 13^, 
while the center was still 600 miles to the south; and by umh the sky 
was half covered with eirrostiatus which sliowed a halo from 13 to 

6 n. m., when altostratus became dominant. 

Heavy cumulus swelled up here and there during the mommg while 
lha sun still shone. A peculiar squaU, estimated at 4^) mite an hour, 
came very suddenly at noon, with no lower clouds m the vicinity and 
no change from the steady south-southeast wmd direction. Reverend 
Dinwiddie rather plausibly wonders if it could have */“*^®“* 
of penetration from the upper air stream m advance of the sto , 

be more ne.-^riy torrect" With rvaaid to the track of the 1644 

.1 .« jk.AT. « n nr^BOnted hr Bev- F- B- rlawtddlo, wbere the wmO, 

tlona at Aron, N, O-, prtBOnieq oj x /r-n* MfltterM. went 

ercD 0 D tbla oaternioel barrier ban*, 10 miles nortb the 

from tuEterly to weslerlj DorUi, as ib^ passed. ^ ^ footBOte % 

ceoter iras to the east* Instead of to the west (cf. 3nmii^p - _ 

di. 1. and Wood, F. B. A fiSSbt it,to ^ 

Boar?, Va., Bull. Amor. lleteortT- Boa., toI, SKV > 154, ^ J 

center tnairt bare been cloec, bowerer, perbaps only 3 ot 10 

So wind became gentle for 1% boure. Fortber nortb, |be neck 

Sunner and Wood to some 20 miles too Hit west where It erosw# sooUwastWb 

New Eofflaad. 

^ 6212 — 1 ft- 
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Augmented by stum overflow the sudden descent of which woe tndnoed 
by convection, Tlie wind had been increasing in velocity during the 
morning, from 10 to 20 miles an hour between 8 and llj apparently 
owing to the increasing involvement of the wind higher and higher up 
as tlie depth of the convective overturning increased. With cloudi« 
ness cutting ofl most of the sun after noon, however, the wind again fell 
buck to its 10 miles an hour morning value by S p. m. 

Tahlg 1.—of |t«?r«ona[ joanwi of F. B, duHsp hitnicvne at 

tranpAMe/JV, C., 1944 




Wind 


Timo 
lE, W, t.> 

Pmon (Miitt ^ 

(foiM 

Wfwdon ’ 

EulMaUd 
iOAt nlodiy 
Cdl p. h, ) 

lUJa tnd chnidfl 


0. m. 

l;l3. .. 


9:30 . 

_ 


_ 

_ 


19 J<.-. 

__ 

^.65 


HuF^Bipeiad lit afnvia 

NEiE.,_ 


g;j^}riitendrtp( 

as-iT... 


EKE, 


lonsr.^ 


Utitw nhL 

VtTj hBSTj rain* 

rSnt fw ddoojmhJ {p wilML 


a.M_. 

fi4KK 




IQUO. 

loai... 

JOrlifr... 
HBfi, 




tiM 

K.Da 

3ft.« 

77M 

a.Da 

mov 


Fffitiurv 
i r 0 a n d 
91,pa iD .j 
for tt-44 
zalo'Dtiu. 


FBiwftd anliTt f J D^Hfii 

RfiJn wliuifavn^ng 


SJ^UUnitaN- 


K.«., 


NKW_ 


70_. 


.. 


a.4c[FBfltA9t li^J 


J iwrrknt paiod jhjihiv ^ 

-I 


p.« 

. 

. 

1*3., 


109.. 






39.PJ,,,..__ 


s.ta, 

39.1A. 






KW,„ _ 


WKW,„,.„ 
WNW_ 


wA!!;:;:":: 


W 


■firfff+ JQI 

C PnlliaiiiiKB betfr mlDj Airk 




l». 

140. 

14(>-U».. 




«].. 

310.- 


Ifi._ 


ModcffAtA nln,' 
$kf bflMijt 
Shux dkj 

dMik 

Ke rtU? 

N'O raiD 
Kc tidti 

No 

Mo T*lfi _ 

Afodsmlo rtia 
RjIq 

MpQlM. 


Noi^ 
^ ^vc PC 

I11JE3 ' 
OCrt. 


£oi«fi3ltUrtaL lirUhl 
spfita fc# £0 teln- 
Qitf hK DO dkw 
• He Qf b l^b 
flOBdf oil fbit. 
lOilO itrfttDi 
Lfamulicititi 


liiCmltlCflL bcitbl, 


V«Tp rital 

^ormt wlDOi ScTRRit t*n of 

No f-lKfcjfn1n| flfl nI«H 

vlmj. thIb I 

TIdiJ ph»x If dlmJiilihTQi wbid. 
Mjcfit widj emiDi; ven abnipt 
dwreaap of wind mlJ rtfn 

ran fahi**kTtal' 
tOulhwHC^I 
Etofi^ J n. PiEiL 
Kd(f w Ca, bulk la milillu. 

Vio tfCHHlT; bmit PMedlnf ^ K- v 

Clessf, 


» iwUofre^ion of 


40 iPlkff Duith of Cipfl 





















































































MEW EKGIJLND KUBtUCANE— BFOOKS AND CHAPMAN 239 

Though tie sky became completely covered mth 
sunset, there were breaks during the evening, 

sky overhead nt midnight, an hour before sbowere bega^ D. 3 . 
(•ani- lightning was visible at 10 p. m. The wind had s J 6 

south^t at? P* m-, but by 10:30 had gone to as the 
steady all day (around 29J5 inches, 1,007 millibars), bc^B on- 
broken descent. By 1 a. m. tlie wind had gone to east-northeast, and 

^AtTt.^^when tJic center was within 150 miles, 

began to plunge (from 29.57 inches, 1,001 miUi^«) the wmd l«- 

Jk to reach gale force and increase 

miles an hour at 5), Steady rain commenced before fl. Details of the 
neat 13 hours are presented in table 1. 

OBBEUVEb’S KOTES WTrtI BEGARD tTO THE TABLE 

Obserratlea ot ^ad dtrectlgn not saaiuntecd 
f^Krriid treffi nafapiUlar loaitloA Id deartflu rofrounded by wwUl 
pbBiirvor le rertola. However, tbal through^t ibe 

the irind directloo failed by as modi as 90* er more of aebtoviag a ISO abl« 

irueii aa mlsht be espectod In a storm of tbla trpC' .a—i.,*. rmia 

Wind TOlocltlos glvoD were eatliiMited from the stronger In er 

,.«r^Lu »V,«,». »i.«. ~ u»< U-, «« 

doD ot Talnea from 5-mlnate averages on to fuateat mUe* and 
™ tbe length of each Mmit of wl«(L We ahoDld Iblnk oor ^nUmito 
between 12:50 and 1 p. m. waa m)t leas tbnn «0 miles iia boar, for the wind 
Hiring the ollmacdc period seemed sualalned at the extreme t^l “3™' 
tirely little JluciiiatlOD and no respite, nnill the amaxlugly sodden ^lef came at 
l: 10 p. Di-. wlieu Oifi TO-oiUfl wind teeinwl Ute a bre™ contnasU 

OEkSEHVILU^S ISTI^RETATION^B 

1 was eopeclally Impressed with tbe evlfltiice atiggestlng 
central no rain and reduced wind- At Avon. N. C- [10 mllre af 

Cape Hottcras and 10 miles nearer the renter than the Weather Bureo^tallOD, 
SiUereaV tbe rain stepped for about 1% hours oa the center passe.! Tlie wind 
dropped to a gentle breere. It shifted to West hy way of North, so the trat^ oi 
tw^P^i^Tpasicd east of this point. At Wanchere [15 miles rartbw from 
the ceoterl the rain stopped for sboot hall an boor while 
28.00-Inch [B4S-mlllll«irl isbhor. TtUa would suggest a vast ee perba^ M mtlrt 
or more in diameter whose renter could liflve been caet of ™*V"* 

Our wind also diminished during this period, to a nilnimum of ahout Zt mllre on 

winds of butrlcone force were limited to the 
or 0a2-mimborj Isobar and outside the 28-00 (-locb. or “ 

my data are anywhere near correct ... the storm did not ex^ a v.?? 

jnlleB an hour along Its track nntU It was past the latitude of Care “ 

We esttmated our wind cuata temrlwd HO mile* on boar during the latter Imlf 
of tbe storm, which wns cousldembly more violent than the first pa*^ ™ 

strongest wind seemed to be ahont 100 wHca on hour. IThe lao^ra were^ ^^ ^ 
or leas egg-shoped. and fnrther a|iari [iws grodlcnt. less wind) ahead of tb 
Bt&nso tlmn to tbo aLde Of rfliir.] 
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Our emtett Lout’s presBiu? fsll wss OJl IncL [17 lullllbaral. and tbe latest 
Lout’s rlso was Oiffi [ucL [Id mllllliars]. Ourlog ooo 11>-iDlDiite Interral tLo 
presSQre idso OAT loch {8 mUIlhara]. The steepest srudleot I could Dtessute 
was that exteodlog ftooi Elisabeth City, N C, to the (margin of the eye el the] 
storm center at 11:35 a, m., a piessato difference of 0^ inch {SO mllllbara] to 
as miles, which on a map dnwo for 3-iollEitMiT Intorvat would place the Ihobnra 
leas thou 4 miles apart {Apparently within the asoo-Uich (OTO-mUltbsr) lao. 
har the pressure gradient decreased little If any outward from the center, Cou- 
seaueutly, ttM> msgtaiuiD wind oocurt«d at about the time of pHSsaga of the 
8T0-ml1tlbAr hwbar, which was ootoe time after the passage of the center for the 
stntloiiB practically on the track (Hatterns, 1 hour 40 minutes; Wanchese, 2 
bonis), hut virtually at the time the center was nearest for stations at or beyond 
the 80-mlle distance of tbo 070-mllUbar isobar fcoiu the center (Elizabeth City, 
N. C, and Norfolk, Ta., 0 mlnntet difference; (hipe Bcnry, 12 mlnntes),] 

THE storm NOHTH OP BATTKBAa 


Thn transformation from a slowly moving^ oomplelely tropical 
storm to a rapidly moving cyclone with middle-latituije feature was 
now in progress. Cooler, drier air from the land curving around the 
rear bended to make the pressure rise more rapidly behind, while the 
warm sea air flowing in ahead made It fall more rapidly in front. 
Cool air on the northwest also had increased the northwestward pres¬ 
sure slope aloft, thereby accelerating the general ourrenc that later 
carried the storm; and energy from the tendency of the colder, denser 
air to undermn the warmer, lighter air mass offset in part the do- 
creasing iieceipt of tropical vapor os the storm entered cooler latitudeg. 

The combined effect caused a still more rapid inciease in the speed 
and a change of direction of the cyclone, at first toward the north 
northeast, parallel to the coast to northern New Jersey, then toward 
the northeast, across Long Island east of Suffolk Airport. The cen- 
^ traveled the 400 miles from Hatteras to Long Island in 11 hours 

The barometer at Suffolk fell to 28.42 inches, and gusts reached lOO 
miles aa hour. 


At Bridgehomton, about 18 miles east of Suffolk Airport, the center 
also passed on the east. Brnest S. Clowes writes: • 

*" * distinct ’’calm eenter from about 10 to 10r3»p. a., E. W. T. The 
hareotetef occtiired ooga after 10. and tor about half an hour the wtnd woe 

^ “* P- *■’* *hc sky mocuy clear and starlit thongb 

^Ih ^01^01 «.«rt showere. very hrtet The wind was rarlahle but mostly 

* I the wind ns 8$ m. p. b. from NW. The rain- 

ibJI for tJie Btonur G to 11 bLh was 2.78 Iil 


The center continued moving northeastward, at 3$ to 40 mites an 

feland and Block Island, acrass Bhode 
^d {Ijtwecn Werterly and Point Judith, East Providence), south- 
eastern Ma ssachusetts (East Wareham, Taunton, Brocktori, South 
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.-The hflTtlmne of Sertcmber IJ-IS, 11M4, M ob®rred and rtwrded at tUe Bloc HiU ^ 

(03S feet abo^e sea lerd). The track of the cehler of lowest pressure passed about 10 mUcs soatli 
wlttiln the cectFfll or Hghier wLod for more than an latrar. 

emtaoved for the homlj clotidlnesa. the circle wltli a cr^ ia It repr^ctinp w 

(rraptitcoUy deplctJiig rotiglilx tb-e amount cf S3t3f coverp 
finder. And dlrectliene ond r^oeULes bf 
", Xho Eflrae appilei to the airowif 
■ -—, Tcpre^nts Uehtnlog* and a symbol some- 
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FKitTRE 2. {by Jobti H- Conover) 
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obtrcnred tjy dood ao low as to enTolop top of Bine HUl, and the othent 
The crosa-secllonal cloud dlagrani 1 b based on obserred formsp bEilgiitB ohtatned by nange 
nepboscope. The arrows Lndieiite dlrettlan of moTemeut aa if the top of the chart were oortlL 
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Wejmouth), Massachusetts Bay, the southeast tip of Maine (Bast- 
port), lower New Brunswick (Pennlield Ridge, BIisstUIb), and Sum- 
nierside and Charlottetown, Prinoe Edward Island,* and thsm across 
Kewfoundland. It finally inerged into an extratropical cyclone 
southeast of Greenland. Tlia “eye** of the storm, with its lull and 
starlit skies, was seen as tJve center passed Providence at lii i 30 a, m. 
on tlie 15th; at South "Weymouth at 1:15 a, m. (also at Miltou, 10 miles 
from tlia track) ; at Hockport at 3 a. m.; and at 4:30 a. m. as it akitted 
Portland, where the wind dropped from 30 to 10 miles an hour. Xlie 
(antral area of light winds was diffuse aud extensirB, reaclung moro 
than 30 miles to the left of the path of lowest pressure. 

Details of the storm, es carefully observed and recorded in detail 
by opon-scale automatic Lnstminents at Blue Hill Meteorological 
Observatory, are presented in figure 2, to indicate its features after 
some weakening and stretching as it got into middle latitudes. 

rOKBCASTINQ TUB OOCESB 

predicting the course a tropical hurricane will take if it moves 
into higher latitudes requires constant attention. The factors are 
not to bo luted into a simple formula. They are, chiefly, surface and 
upper air pressures, pressure gradients, and related wind fields; tem¬ 
perature and moisture gradients; and, if over land, the roughne^ 
of the terrain.^ These control the moTement of the atmosphere in 
which the hurricane is carried along and also the stomps supply of 
energy and frictional drag; they thus determine the speed, direction, 
and fun® of tlie storm. 

As early as the iSth the probability that the storm would enter 
New England wag thought to be liigh. Upper-air observations 
showed a’cloeed cyclone at 10,000 feet over the Southeastern States; 
from this, one might have expected the hurricane, after going ashore, 
to curve back toward tlie north-northwest or northwest, somewhat 
as the 193S storm did. But on the 13th the arrival of colder air in 
Canada, with its more rapid decrease of pressure upwarf than in 
the warmer air, steepened tlie northward pressure gradient aloft, 
thereby opening the upper-air cyclone and making the wdud at 10,000 
feot turn southerly in the Middle Atlantic region and southwest to 
West-southw Gst over the North Atlautic btates. This indicated that 
the storm would recurve rather sharply and follow a nortiieast to 
east-northeast direction, passing, perhaps, ]i^ south of ^^"6- 
Und. On the morniiig of tho I4tli it was eTideiit from the shift of 
the winds aloft more to the south that the arc of recurvature would 


»0 N H«« of Ibe oBto of tbi D- 8, Wrtlhor to whom tbE ifllbort 

Eri IndEbtcC liao fonpUfJ ■■ othuJolo tjf Uib pOOiUoV ef loW«t prtsra^ * „ 

^ WnlEr, SariaoiiC, Tb* fflllnif Of tbE St* ElUtload harrltOM Of Septembtf IbSS, BiUl. 

Amir. Koteorol. SoO,. TuL 30, PP- 2tT-3Sl, IMS. 



242 ANWDAI, ElElPOKr SMiTHEOBTIAN INSTITimOlf^ 

be flatter and that the ocDter of the storm would go ashore over 
eastern Connecticut or Rhode Islaiiii and pass near Boston, 

In forecasting, Uie winds at 10,000 fwt were considered fairly 
definitive, though soma weight had to be given the wind at 20,000 
feet in view of the great vertical extent of the storm, which, accord¬ 
ing to Major Wexler’s estimate (see fig. 3) reached 48,000 feet. 
Range-finder measurements on the cirrostrstus over Blue Hill, Mass., 
ID advance of the stoma indicated some 36,000 feet. 

Cloud observations, which at such times are the quickest and easiest 
way of following rapid changes in the upper and middle winds, were 
made assiduously all day on the 14ib at Blue Hill (see fig. 2) and 
were reported at frequent intervals to the Boston Weather Bureau. 
A comparison of these with similar observations made at Blue Hill 
on September Si, 1038, throws an interesting light on the direction 
speed, and other aspects of the 1944 storm. For instance, in 1938 
the clouds were mostly from the south at about 00 miles an hour 
drifting in the fast general current in which the storm was moving 
rapidly straight northward. In 1944, at about 1 p. m. on the 14th 
cirrostratus and cirrocumulus, with a fine halo, emerged from behind 
a breaking layer of low cloutls. They were from tlie southwest at 
close to 100 miles an hour. These were on the advanced edga of the 
vortex and were traveling much faster than the center at the surface 

f to' 

18,000. At that level, already well witliin the whirl of the hurricane 

the wind was from the south at 37 miles an hour. The observer a 
few hundred miles nortiieast of the surface center, thus measured the 
directions and speeds of clouds on a cross section of the vortex. This 
last was probably inclined forward to the northeast and spread out 
aloft ov&r a vast region. ^ 

A DATtLSG Fl-IGHT lOTO THE HimHICANE 

^ ^ Virginia was under- 

Wexier. and Lt. Prank Record, Their observations 
clouds, ram, and vertical currents did not fit into conventional text 
book querns. Cofonel Wood describes the flight of the airplane 
virtually to the ^ter of this terrific storm;* and Major WeiSl- at- 

“ i^asonable dynamic 
^ he worked out in diaoram- 

matic form are reproduced from his article in figure 3. Tlle'^most 

ScpttnlAir 14 «hl . the flr.btT ^ ^ IflCinde* wwtli*r hup for IBSO h. 

Vh.. Bill]. Ahirr "s'JttiTlc*™* wbon dX C«P* Henry, 
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surpriaing observation visa the strong and persistent descent of air 
observed at a height of a mile in the southwest quadmnt of the stoim 
near the outer limits of the rain area. This wma evidently in partial 
compensation for the terrihe ascent of large volumes of air around 
tbe central core. 

FORCE Al^ B:FFl£CT3 OF THE: HURRICANE 

During the I4thf peat winds at tlie surface were generally 75 to 90 
nnles an hour und ^owed Uttls evidence of weakening. Variations 
hetwcon different points could not bo related to changes in the strength 
of the storm os a whole, because of differences of exposure and distance 
from center. The highest wind velocity recorded was 134 miles on 
hour at 12: SO p. ni. on September 14 at Cape Henry, Va. Max imum 
(5 minutes) wind velocities equaled or exceeded all previous records 
at Hatteras, Cape Henry, Atlantic City, New York, and Block Island. 

However, the wind on tbe loft of the storm w'hen it reached New 
England w’as appreciably less than had been expected, as a result of 
friction over the rough terrain, the greater proportion of land air in 
the circulation, the cushioning effect of the cooler night air, and the 
more rapid advance of the center. These effects were slightly reduced 
by the increase in energy due to the greater contrast between the 
den^ty of the cooler air over the land and that of the warmer air over 
tbe ocean. The wind on the right, however, retained practically 
its fiill force, since it came straiglit in from the sea. The increasing 
southeastmorthwest general pressure gradient added somewhat to the 
wind on the-right of the vortex and offset to a certain extent the ten¬ 
dency of the wind to decrease as the cyclone weakened. 

Between its emergence from the Tropics and its arrival in New Eng¬ 
land the stoim lost some of its original force. This was not true of 
the hurricane of 193S, because then the much greater difference in the 
temperature on the east and west sides ( the land air was much cooler) 
created potential energy that compensated in large measure for the loss 
in latent boat,**' and tbe storm, being well out to sea, did not lose so 
much energy by friction with the land cn route. The east-west 
diameter of the storm at the surface (inside the isobar of 1,006 milli¬ 
bars) was 520 miles on the 14th, and 420 miles on the IBth. 

A further weakening, between tlie time when the storm entered 
New England and that when it reached the Gulf of St. Lawrence, 
is shown by the record of lowest pressures: 28.^4 inches at Block 
Island and 38.31 at Point Judith, E. I.; and 2f).lP at Siunnicreide and 
29.18 at Charlottetown, Prince Edward Island. 

The tropical air that preceded the storm brought the first of the 
heavy rams to New England on (lie night of the 12th. These were 


«am.*.- 
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heavier along the south shore of Connecticut, and decrea^ more or 
les nmfomily nortlieast^ard to ilain^ Tliey continued, tntermit- 
tently, through the foUowitig 4S hours, extending both northward and 
northeastward into Canada, much leas uniformly, and giving no indi¬ 
cation of tlie future course of the hurricane. 

Tlie cyclonic “wringer" produced the usual hurricane rams. But m 
a rapidly moving whirl the convergence and consequent ascent and 
resulting rainfall are much the greatest in the loft front quadrat, 
especially when this aloue of the whirl is over land, whereas the ngbt 
or “dangierous” quadrant rccetTea hardly any. For instance, the hum- 
cHiio rainfall at Hartford, on the left of the track, was 4.3 inch®, 
whereas at Nantucket, about the same distance to the nght, it w^ 0-11 
inch. Providence, nearer the center, but still to the left, got 4.7 mch^ 
of whidi came in S hoat^ with a southeast wind aTeraging M 
miles an hour. In tire 1938 humc^wie also, the precipitatioa on the 
left af the track was very heavy, in marked Mutrast with negligible 
rainfall on the right. 

Hurricane tides, which are a great danger on the coast and some 
miles up from the mouths of rivers, were not very serious in 1044 
became the arrival of the storm on the south coast almost coincided 
with low tide. Increases in height that can he attributed directly to 
the hurricane ate, approiiraatelyi Boston, S.5 feet; Woods Hole, 7 
feet; Newport,8 feet; Providence, 9 feet;New London,« feet.“ Maxi- 
mam tides tnormal high tide plus hurricane tide) during the 1338 
hnrricane were; Sandy Hook, 8.9 feet; along the Connecticut co^ 
and shore of Narragansett and Bueznrds Bays, 12 to feet; Pomt 
Juditli, 18 feet; Providence, 17.0 feet; Fnirhaven, estimated 25 feet; 
Fall Eiver, estimated 18 fcet“ 

Much more damage was done by the surf than by the wind, because 
of the reach of nearly a thousand miles from the position of the storm 
off Florida to the Long Island and southern New England coast. 
Thanks to the long advance warning of the Weather Bureau, KinaU 
craft and most other shipping had had time to seek shelter, ftot all 
vessels, however, could do so. The Vineyard Sound lightship found¬ 
ered at her post, with a loss of 12 lives. She woa bter l^at^ m 11 
fathoms of water, the mooring chains intact, at a considerable diat^w 
from her Cuttyhunk station. Evidence of the force of the surf m 
found in the diver’b report: masts and funnel were dicared off flush 

'"'Tlm^’lS^r^can Bed Croa ostimates the havoc wrought by the 
storm between North Carolina and Massadiusctts »» ^ 

peraons killed and 338 injured, 921 houses destroyed and 24.168 

rf tbE tr. 5. CftMt KDd BorrtJ. . n. 4S. rrlawtM^ 
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tlamaged, 1,641 otier buildings dc^tojei and 16,832 damaged^ I3l 
boats destroyed and 635 daniflg«d+^“ In addHioti^ heavy marine casual¬ 
ties direct]j related to inliensified patix)! and other Tvar ejcigencies 
amounted to 344 men and 5 vesselsp 

From other sources** the property damage for the 1944 storm may 
bo placed at $100,000,000, as against $300,000,000 for the 193*8 
hurricane. 

One or two examples of damage may he noted. At Nantadtet the 
Coast Guard Station was washed away. At Newport, with a maxi¬ 
mum wind velocity of S4 miles an hour at nearby Quonset. more trees 
were destroyed than in 1938. The 1M4 storm passed 50 to 100 miles 
nearer the shores of North Carolina^ Virginia, Delaware, and New 
Jersey than the 1938 one. That is why those coasts suffered bo much 
more damage this time,^* 

But for ilie experience gained in the i9S8 hurricane and the lessons 
it taught, the 1944 storm would have cost more Jives and created far 
more Kavoc. 

A hnrricane observing and warning service has been set up in the 
North Atlantic States. More attention haa been paid to the dirt^tion 
and velocity of the middle and upper levels of the air stream in which 
a hurricane may be travelings Cloud movements as indicators have 
been more carefully studied at weather stations in recent years. An 
imporfant development in this connection ia tlie tracing of balloons 
by radio—both by radar and by radio direction finding. This method, 
known as^Vawms,’^ mode possible the determination of aU winds aloft 
in tlie vicinity of the several stations possessing the necessary equip¬ 
ment. Tills metJiod is invaluable ahead of the storm, where low douds 
usually obscure the higher ones. A radioineteorograph nct^'ork for 
deep atmospheric soundings has been extended. A special teletype 
ayittem has been ittstaDed, and other necessary improvement have been 
made. 

The Weather Bureau is to be congratulated on the accnrocy of its 
forecasts and on tJie wide dL^mination of timely warnings by radio 
and otlier means while the danger lasted, thereby saving many lives 
and much property. 
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CONSERVING ENDANGERED TiVlLDLlFE SPECIES ‘ 


By B*sn*T EL T. Jacobs 
rn CTdrptf, Bloltiffical Survegt 

Pith oMd wffdHfe Sendee, V. S. JJcpartwl««^ of ifitcrior 


[WItli 13 Pl4tea] 

Most of IIS s re familiar witli such espreasions as “gone Uhc the dodo, 
or “as extinct as the dodo.” iTie dodo ifas a huge, grotesque, aberrant 
member of the pigeon tribe, reported to have firet been discovered m 
1497 by Vasco da Gama on the island of Mauritius. For many yearn 
it carried tlie tpprgpriat^ scientific name Did^$ m€ptm^ for of all 
birds it was most inept to meet the competition with humans that wns 
to confront it. About Uie size of a swan, ungainly, i»t-bellwd, wings 
so aborted that it lost the power of flight, giound-nesting and laying 
only a single egg, and unsnspieious to the point of stupidity, it fell an 
easy prey to the crews of Dutch ships that vJoited Mauritius during 
the first quarter of the seventeenth century and to the Dutch who 
settled the island in IC44, By 1693 the dodo was estincL Likewise, a 
closely related bird spcciea, the solitaire of Eodriguez Island, became 
extinct about the middle of the eighteenth century. These are str^ing 
examples of what has happened to many spwies in the history of the 
world fauna, sometimes, as in these cases, with known cause, but more 
often with cause unknown. It is regrettable to have to record the 
passing of any wildlife race, even though the form may be of only 
esthetic or educational value. Once a tyi« becomes extinct, it never 
reappears. It behooves us to care for what we have. 

I’OnSlBI.E CAUSES OF WllDLlKB BEDCCTlON AND EXTINCTION 

Many factors have probably been involved lu the extinction of 
animals. In the geologic past before the advent of man we mig 
theorize on the causes of such extinctions not attributable to man. 
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ksiiice man^g appearance on the scene in recent times, with one or two 
possible exceptions all cases of wildlife extinction can be lodged in his 
own handsw Factors other than man^s behavior may have resulted in 
heavy local, or often perimps widespread, losses in wildlife, but have 
rarely endangered the existence of the species. It is difficult in most 
eases to determine the exact cause or causes of an extinction. Often it 
appears that it nmy be one factor, or again it may be several. Extinc¬ 
tion in every case was probably brought about at first by gradual 
depletion of the population and through local extirpatiou* When the 
population becomes reduced to a danger point, extinction may come 
with loicxpected rapidity. Dislike the assertion as we ma}^, in recent 
times the human species has been the prime factor in the extermination 
of other species. 

^an,—Man ha^ aided in faunal destruction by the injudicious com¬ 
mercialized use of wildlife. In order to realize this we have only to 
look back on the days when hansels of wild ducks, shore birds, and 
pigeons were regularly sold for little or nothing at market, and 
thousands of big-game animals were killed only for the hidea which 
were sold os a cheap source of leather. The plume hunters went by 
the boai-d just in time to save the snowy heron and reddisb egretj which 
they had all but exterminated. The whaling and sealing induatries 
operated for many years without restriction* 

Hunting and trapping, although for the moat part now well under 
regulation, have taken heavy toll of certain species. Poaching, illegal 
hunting, and lack of protective laws still menace certain forms of 
gunie animals, and some of our more important fur animals have 
lacked sufficient protection. The apparently inborn urge on the part 
of some outdoor men to fihoot every conspicuous and large living form 
of wildlife created a scrioua situation for rare species and oue that can 
be controlled only by conservation education. Extension and im¬ 
provement of travel facilities in more recent years have increased 
pressure on wildJife. 

Drainage, cultivation, stock Faising, and other necessary artificial 
changes of wildlife habitat have endangered many specie^. Mo^ of 
these environmental changes could not have been avoided, yet often 
wildlife received no consideration when it should have been given a 
place in the pictum 

The introduction of exodc species has often proved to be detrimen¬ 
tal to native forms, through eitiier predation or competition. There 
need be mentioned here only eudi instances as the introduction of the 
mongoose, a predator, into the West Indies and Hawaii, and game 
animals such as the rabbit into Australia, the American gray squirrel 
into England, the red deer into New Zealand, and the nongame bird, 
the European starling^ into the United States, where it competes for 
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nesting sitea irith hole-nesting birds such as the creSed flycatcher and 

mvirmnental and gcolafficat chanffes^Mosi of the 
enTireiimental changes that advoiaely affected species so as to hnsl^ 
their extirpation probably ^rere climatie. Someofthemaior '’hiaatio 
chansea resulted in the glacial periods, or at least were associated with 
glaciers, the general effects of which on tlie flora and fau^ a« known 
to most students of biology. Glaciers caused the breaking up of the 
geographic range of species into discontinuous distri^bution areas, 
sometimes so small as to endanger the eiistenoo of tfe species 
Changes of diniate associated with giaciadon so affected the remnant 
population of many species as to be their death knell, and in the 
late Pleistocene glacial deposite are found the remains of many of 
these species, and even genera, which became extinct at that timfi. 
Glacial lake transformation, from fresh water lake to acid lake, to 
sphagntmi bog, and to spruce woodland, completely changed en^ron- 
mental oonditioiis, often to the elimination of some specici^ Othw 
ecological tramfonnations changed the enTiromnent and with it the 
wildlife population. Volcanic ernplions might well have caused i^m- 
plete annihilation of local forms of wildlife, as for example the blow¬ 
ing off of die top of Volcan Santa Moria, Guatemala, m 1903, and 
the Mount Katmai, Alaska, eruption in 1015* The eruption of Mount 
Pelee, IsIb of Martiniqu^i Lesser Antilles, in quite possibly 6X- 
terminated the Martinique solitaire, an interesting and unique song- 


Weather conditions, aside from those changes per¬ 
manently effected by cliange of dimate, may have advo^ effects on 
wildlife. Severe windstorms may, by creating clearings in the forest, 
actually improve local environment for some wildlife species, yet a 
storm of the same intensity on a marsh or a sandy area may destroy 
much of the wildlife. It ia probable that the Capo Sable seaside spai^ 
row, found only on the suit marshes of Bouthwestem Florida, was wi^ 
out of existence by the Florida hurricane of 1937. The devastatmg 
effects of drought on wildlife are fresh in our minds from conditions 
created by drought in waterfowl nesting areas of the Northwest less 
than a decade ago. Cold or wot reasons, esp«ially during a breeding 
s^asoiLt may often redu€e populations, sometinies to the danger pom , 
Siruagh for i»fofe 7 .<«.-The “struggle for existence * is an old evo¬ 
lutionary term, more or less hackneyed; nevertheless oTerspwiahia- 
tioti may place a species at a disadvantage in competition wi omiB 
lass specialixed and bettor able to meet competition and rhans™ en- 
Tironment. Gigantism, a typo of specialization, may of iteelf have 
been a factor in tho disappearance of many of the gigantic reptiles 
and masiiiiBls of past ogc^ 
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Disease .—ETidencfi clearly indicates that diseases have at times 
been important factors in reduction of popiilations of wildlife. Dis< 
eases and parasites, howeverj disseminate more freely ia dense popu- 
latioaSf so that the effect Is to produce population fluctuations, or 
cycles. Beyond this initial reduction of such populations, disease is 
probably not as a pile on important factor in the extermination of a 
Species. 

WILDLIFE SPECIES THAT HATE BECOllE ESTIKCT 

Although our own country in tlie past has abused its wildlife popu¬ 
lation to the eJttent of esterminating seveml species, and has been 
negligent in many ways in preserving vsnishing forms, it has not been 
alone In this, ^fore considering e.ttinct North American animals, 
let us glance at the headstones of the graves of some of the foreign 
speeiesL No attempt is made here to compile a complete list of extinct 
animals of foreign countries, and only some of the more noteworthy 
or conspicuous are included. 

In Europe, such an important majnmal os the aurochs, ancestral 
stock of some of our domestic cattle, which inhabited large areas of 
centra] and southern Europe, and also northern Africa, passed Into 
the realm of Tanished species in Poland in 1637. A few years later 
the tarpan, an ancestor of the domestic horse found on the steppes of 
Eouthenstem Husaa, became extinct, although a close relative, 
Przew'ulabj''s or the Mongolian wild horse, still exists in small num¬ 
bers in Mongolia. 

In Asio, Perc David’s deer that formerly inhabited parts of North 
China is extinct in the wild state, At the time of the Boxer Bebellion 
in 11>00, some 200 animals, all that remained in China of this species, 
held in captivity in a park near Peking, were lolled for food. For¬ 
tunately, a few animals had previously been sent by the Duke of Bed¬ 
ford to England, where about DO are now maintained nt Woburn. 
Stcllerts sea cow, a huge manatee 30 feet long or more and weighing 
upward of 3 tons, first brought to the attention of science in 1741, met 
its doom in 1768 in supplying oil and food for man. This huge 
manatee Inhabited Copper and Bering Islands and possibly other 
islands in Bering Sea. The Pallas cormorant, an interesting fish¬ 
eating bird of the Commander and other Bering Sm islands, became 
extinct in 1853. 

Among wildlife species that have been exterminated in Africa, the 
first to go by the acts of modem man was the blue antelope, or 
blaaubok, which disappeared in 1799 from Sottth Africa. From 
Sooth Africa also there disappeared about 1875, through hunting, 
the quaggn, which resembled a donkey with zebralike stripes on its 
cape and neck only. Bnrchell^ zebra became extinct in South Africa 
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some 25 years later. In nortlicm Africa, m tha mountaios of the 
Algerian Sahara, the red gazelle has probably vanished for all tiniB. 

Taming now to Australia and the South Sea Islands, those giant 
flightless birds, tile moas, disappeared from the feathered fauna of 
Now Zealand islands, probably between A. D. 950 and 1350. Un¬ 
doubtedly the last remnants vanished through the agency of man, 
although ancient Maori tradition and legends refer to the moa as 
burnt np by tho^^firce of Tamaten” in times long post, which may refer 
to its destruction by volcanic action. Archey (1941) reco^iaes 19 
Species of these birds belonging to 6 genera. In Australia itself the 
little plains rat-kangaroo has not been seen since 184S, and the mar¬ 
supial anteater vant^ed in 1923. 

Many forms of wildlife have become extinct in the Western Hemi¬ 
sphere. Some of the earlier of these to vaJiish were insular forms, 
such as Goese*s macaw from Jamaica, about ISOO. The Cuban tri¬ 
color cd macaw became extinct in I8t>4, chiefly through utilization for 
food- The history of Guadeloupe Island, one of the Leewaid Islands, 
portrays tlie extinction of three bird species, tlie j'ellow-winged green 
parrot, the purple Guadeloupe parakeet, and the Guadeloupe macaw. 
Strangely enough, an island of like name in the eastern Pacific Ocean, 
Guadalupe Island, has witnessed the extirpation of the Guadalupe 
caracjirn and probably the Guadalupe towhea and the Guadalupe rock 
wren. 

Several races of mammals formerly inhabiting North America— 
in fact, parts of the United States—have passed into the ranks of the 
vanished. Tlie big dark buffalo of the northeastern United States, 
the Pennsylvania bison, was last known in Pennsylvania in 1801. 
The Maine giant mink, nearly twice the sire of our ordinary minks, 
that lived along the scacoasts of Maine and Nova Scotia, became ex¬ 
tinct in 1860. The eastern puma, or cougar, was gone by about 1885. 
Of our grizzly bears, the first to disappear was the Texas race (1890), 
followed shortly by the Plains grizzly (1895), sod the Tejon grizzly 
of the arid soufliwestern region of California (1898). Although the 
taxonomic status of tlie grizzly bears is not entirely clear, it is, never¬ 
theless, certain that many races of these mammals are recognizable and 
that many of these have disappeared. Among these extirpated forms 
may be mentioned the California grizzly bear (1922), Sacramento 
Valley grizzly, California coast grizzly, Arizona grizzly, Black Hills 
grizstlj, Navaho grizzly, Mount Taylor grizzly, Utah grizzly, and 
Chelan grizzly. Even such an insignificant mammal as the Gull 
Island meadow mouse could not escape extinction when its habitat on 
Great Gull Island, at the entrance of Lung Island Sound, New York, 
was covered by earth moved in grading the island for fortifications 
some time before 1899. Another inconspicuous small mammal, the 
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Ainsi^osa meadow muiuse^ kiiowu only from u small tule aiareh at a 
spring near Slioshoaei easturii Inyo Connty, Calif.^ tad ^ aiiisted by 
1016 after the marsh had been burned aeveial times and used for ii 
pasture. The largest of our elk, the Merriam elk of Ariaotia mid 
New Mesloo, was exterminated by 1900 or before. The Audubon or 
Badlands bighorn sheep of tlie Dakotas and eastern Montana was 
last known alive about 1914, and it is quite probable that the lava beds 
of rimrock bighom of southeastern Oregon and north western Ne¬ 
vada has gone. No longer will any stockmen need to w’orry over dep¬ 
redations of the big Plains wolf, which ceased to exist about 1930. 

Within the borders of the United States, five forms of birds are 
now oertaiuiy extinct] namely, the great auk (1S44); the Lsibrador 
duck (1875) ; the passenger pigeon (lost native wild bird, 1903; last 
survivor in captivity, which died of old age in the Gincimtati Zoolog¬ 
ical Gardens, September 1914); the heath hen, or eastern repiwsenta- 
tive of tiie prairie chicken, was lost seen alive on March 11, 1932, 
and can be said to be extinct in 1933; and the Carolina paroquet about 
1936, or previous thereto, Two other species are probably gone, the 
Eskimo curlew, of which there have been only very indefinite a^d 
unsatisfactory records for recent years, and the Cape Sable seaside 
sparrow, probably wiped out of eiistence by the tropical hurricane 
of southern Florida in 1937. 

ENDANGERED WILDLIFE SPECIES 

We shall not go into details as to the status of all forcigti vanishing 
iind ondangered wildlife,but we should know at least a few of the species 
that are in a more precarious condition in continents other than our 
own. Europe, through private and public game preserves, has been 
able to care for most of its wildlife species. 'Hie eagle owl has been 
persecuted and is in some danger, and the white storki tliough at least 
tip to the time of World War II well protected in Europe wliero it 
nests, has been depleted in numbers through being killed for food by 
natives in its African winter home. The European brown bear is 
becoming esceedingly rare, and the ibex and chamois are in danger, 
as Is also the European beaver. The wisent, or European bison, become 
so reduced in numbers that it has been crossbred with the Aniericati 
bison and dotneatic cattle of old-lineage strain in an effori to retain 
some semblance of the species. Even these may now he wiped out 
through economic strain of wartime conditions. 

We have already mentioned tlie status of Prsewalsky’s horse in 
jtsia, but in that continent the ancestor of the donkey, the kiang, is 
so reduced in numbers as to be nearing the dang^ line. Other Asian 
mammals in danger of extiri>ation include tiie sdadang, a huge wild 
ox of India; Utat large deer, the Malayan sambhur; and the three 
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gpecies of Indian rhinoceroses—the Asiatic twc^homedi the Indian 
one-homed^ and the lesser one-hotned^ The last named has most 
litcly already Tanished* Many of the speeies of pbeasEuits especially 
need attention if they are to be saved, and the Argus pheasant is 
actually endangered^ 

Africa, long known as the contlnetit of many species of remarkable 
antelopes and other big-game animals, has maintained, particularly 
through the British and Belgian Governments, extensive game pre¬ 
serves, atid m a rule has oflEered protection to wildlife. In spite of 
this effort to save the fauna, however, a few species have become ex¬ 
tinct and sevctul others are vanlsliing. No less than a dozen species of 
antelopes are endangered, among them the beautiful inyala, now prob¬ 
ably limited to about 200 individuflls in Kruger Park. The Bubal 
hartebeest of North Africa has become scarce, and the Cape hartebee^ 
h reduced to about 40 animals. In the case of the bontebok of South 
Africa, 23 were driven in 1920 into an etidosure of 1,800 acres set up 
aa Bontebok National Park. Of these animals, 16 survived and there 
lias been some increase, half-domesticated. There are not over 60 
bonteboks alive today. The blesbofc, a closely related antelope, is in 
about the ^me status as the bontebok. Other African antelopes in 
danger of extirpation include the white-tailed gnu, the giant sable 
antelope, the giant or Lord Darhy^g eland, the gemsbok, and the addax. 
The rare and unique okapi, modified forest giraffe of the Congo for¬ 
ests, is decreasing in numbers. Other mammals in serious dan^ in 
Africa include the Abyssinian ibex, mountain Eebra, white rhinoceros, 
hippopotamus, South African elephant, and gorilla. Among several 
African birds endangered is the unique ehoebill stork. 

Australia, the land of matrnipials and many strange animals, is on 
the verge of losing more of its unique species. Special legislation 
prohibiting the taking of certain fur animals and forbidding even the 
exportation of the fur or any part of the anima! may save some of 
these species. Especially m danger is the koala, often uicknamed 
the “teddy bear,” and the gray wallaby, ono of the larger kangaroos;, 
Tho estimated population of koalas in Australia decreased from 
250,000 to 1,100 in a few years before the establishment of a preserve 
- for the species on Phillip Island, Victoria, about 1038. In February 
1042 there were 500 koalas in this colony. Tim hairy-nosed wombat 
and the Tasmanian wolf, or thylacine, are both nearing extermination. 
It is doubtful if the beautiful lyrebird can be saved. The hawk parrot, 
as well os several other parrot apccies, ore on the way to oblivion. 

In South America protection may have come too late to save in Its 
native habitat the now rare fur bearer, the chinchilla, us well as the 
guanaco, wild ancestor of the domesticated Hama, and the vicuna, 
native wild ancestor of the domesticated alpaca. Three species of the 


COJJSEHVINO TVILDLITE—JACK&ON 


255 


(jgtrichliiB bird, the rhea, are near the vaniahing point in South 
America, aa are the beU bird and the steamer ducks, flightless ducks of 
Tierra del Fuego* 

North Ainericfl, where our interests more naturally ceutcr, has a 
long list of endangered wildlife races, at least 50 in number, of whi^ 
all except one or two marine forms occur in the United States or its 
Territories. Several of the grizzly bears have already gone, and 
within the States it would seem that Yellowstone National Park and 
Glacier National Park offer about the only real hope for their preser¬ 
vation. Black bears as a group are reasonably safe, yet the Florida 
black bear is reduced to less than 600 and is decreasing in numbers. 
That frosty-gray bear of the black bear group, the glacier bear of 
Alaska, is so scarce as to face extinction. Its remote and almost inac- 
cessible hnbitat may save it* 

The fislier, the marten, and tl» wolverine have all been trapped so 
extensively for fur that they are almost gone from the United States 
and have^cn reduced to the danger point everywhere in North Amer¬ 
ica. Tlio black-footed ferret, fonnerly found on the plains with a 
geographic range almost coinciding with that of the prairie dog, was 
never a common mammal, but has become rarer and rarer, until now 
it is seldom reported. The southern sea otter was a few yeans ago 
believed to be extinct, when unexpectedly a small herd was discovered 
south of Caciuel, Monterey Cotinty, on coast of CaUfomia. T^s 
herd now numbers nbout 3(X) animals or more, though recently tending 
to become scattered. It is protected end guarded caraf ^ly, and with 
proper management the race may be saved from extinction. 

The unsuspecting little kit fox of our western plains was not only 
easily trapi)ed for its fur but also frequently wns caught in traps set 
for coyotes and other animals. No restrictions seem to have been 
placed on killing it, with the result that what was once a common 
mammal is now rare, and in many regions extirpated. The timber 
wolf of the Ncirtheastem States could hardly be expected to withstand 
settlements and civilization and has almost succumbed to the inevitable. 
In fact, all the large wolves of the United States are endangered. 
The eastern puma, or cougar, has been exterminated. Among the 
other cougars, the Florida subspecies is the most endangered, there 
being probably less than 25 individuals left. 

Several of our seals are so reduced in numbers as to cause serious 
concern for tliem. The Guadalupe fur seal of the west coast of Mesdeo 
has reached too low a population for its safety, and may even have 
vanished, and both tlie West Indian monk senl and the l^cific monk 
seal have become rare and reduced to local habitats. That oddity of 
seals, the elephant seal of the Pacific coast, has shown some recovery 
during the past decade, but is still in a precarious condition. On the 
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North Atlantic coast, til© beautiful hooded seal has been bunted foe 
oil and fur until too, is in danger, Th© Pacific walrus, while in 
some danger, h not reduced to the vanishing stage, a^ appears to he 
the case with the Atlantic walras^ 

We correctly ihJnk of the white-tailed deer as our most abundant 
big-game anitnttl, yet the Pacific w^liite-taii Lb down to about 1,000 ani¬ 
mals, and was supposed to have a much lower population until Dr. 
Victor B- Scheffer ( ID40) gave an account of a herd at the fnouth of 
the Columbia Eiver. The key deer, inhabiting a few of the lower 
Florida keys, is very rare, local in distribution, and probably dees net 
number more than 40 individuals. It was reduced by the hurritune 
of 1937, and has been overhunted and subjected to poadiing until only 
a few remain, 

AVhen the mad rush for gold was on in California during the middle 
of the nineteenth century, tlie great valley of California, Uie coiobined 
valleys of the San Joaquin and the Sacramento Rivers, abounded in 
a small elk with simple antlers, the CaJifumiu yalley or tul© elk* It 
soon became scarce* A remnant was protected on the Miller and Lux 
Ranch, Buttonw^illow, Kern County, Calif, In an effort to save these 
animals, which may have reached a total of 350 or 400 animaliEB in 1921, 
some were transphmted in Yosemite and Sequoia National Parks* In 
1933 all of these, and several from the Button willow herd, were trans* 
ferred to a reservation with good elk-pasture features in Owens Valley* 
Today there probably exWt not over 150 of these elk, nearly all in 
Owens Valley, Uiough a few may still eurviv© on the Button willow 
Randi* 

The last woodland caribou seen in Maine wer© Dear Slount KtUiihdin 
in lOOSp They had disappeared from New Hampshiie and Vermont 
about th© middle of tli© nineteenth century. Fifteen occur in northern 
Minnesota, only two of which ax'© native, th© othai;^ being from stock 
brought in from Soakatchewam In Canada, also, th© woodland cari¬ 
bou is vanishing, and in many regions where it was once common it is 
now gone. The ©astern moos©, whti© not in so much immediate danger 
as the w'oodlurid cadbou, is nevertheless rapidly approaching a pre¬ 
carious situation. 

All our bighorn sheep ehould give us cause for worry* Two forms 
are in especial danger. The Sierra bighorn may be reduced to le^ 
than 75 animals, and the Tesas bighorn, at one time thcuglit to be 
extirpated, is reduced to some 125 animals scattered In 6 or 8 mountain 
rang)es, and its fight for survival in competition with dome^c sheep 
and goats and in the face of illegal hunting is almost hopeless unless 
it'servation pro vifiions ar© offered it* The desert bighorn has, we hope, 
been saved hy the estabhshment of naltonal refuges for its preservation 
in Arizona and Nevada^ 


CONSERVINO wrUJLlFE—^JACKS03< 


257 


Unique among nU mauimala, the oJd-looking musk <»£, which re¬ 
sembles somewhat a minititure ghnggy-hairad buffalo and combines 
certain features of the cattle tribe on the one hand with those of the 
sheep on the other, is dwindling in numbeis. Although fonncrly 
occurring in the barren gruiinds from northern j\Jaska to eastern 
Greenland, it is at present ftjutid native only on the cast const of Green¬ 
land and in Arctic barrens directly north and nortliwest of Hudson 
Bay as far rtS about latitude 8 a“. Even within these ranges musk 
oxen inhabit only certsiin areas, and there are unmense expanses where 
none occurs. Attempts are being iniule by the Cimndian Government 
to colonize the species in the HopiinioiK Of an initial stock of musk 
osen brought by the United States b ish and Wildlife Service from 
Greenland, vie Korwivy and the United States, to Alaska in 1930, iind 
held at the United States Biolo^cftl Survey Esi>criment Station, Fair¬ 
banks, for study and aocUmati^ation, 4 animals w'cw introduced on 
Xiinivak Island National Wildlife Refuge in Bering Sea in 1035 and 
27 in t038. This herd Lnd increased to more thnn 100 animals in 1941. 

Stories and legends about mermaids originated in superstitions about 
those peculiar aquotic mammals, the dugongs and the manatees. In 
their present distribution, dugongs inhabit only parts of the Eastern 
Hemisphere, whereas the thrM species of nianntees occur only in the 
Atlantic taiastal waters of America from Floridn to Braid, The 
tiiunatees are hamilesa mammals that feed on aquatic vegetation. All 
niay be included in the endangered list, but the status of the most 
nqilherly fumi, the Florida rnmiatee, is especially critical. Ample 
legal protection, it would seem, is nffurded tlie animal, but laws are not 
alw'ays enforced, and many individuals are wantonly shot Sudden 
drops in temperature to freezing, or two or three nights of freezing 
weather, often kill manatees. 

Even some of our smaller game mammals need especial protection 
if wo expect to continue them os a part of our American life. Tlie 
northeastern foi squirrel and the mangrove fox squirrel are botli at 
such a low population as to be near the vanishing point. 

With their high value for oil and other commercial products, all the 
large whales face probable serious reduction in numbers. Three 
apccics are now at the danger point. The gray whale, found offshore 
in the Xorth Pacific and at one time importtmt m tbe whaling industry, 
is so reduced in numbers that only a few ture procured ammally. The 
bowhead whale, some 30 feet long and with massive, heavy head, for¬ 
merly occurred throughout the oceans near the North l^olc. It be¬ 
came extirpated in the North Atlantic some 50 3 ‘cars ago and is now 
limited to a spar^ papulation in Bering Sea and toward the northeast 
thereof. Tlie North Atlantic rlglit whale, another massive whale 
that produced a heavy yield of oil and whalebone, was so eagerly 
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sought bjr whnkrs in tho North Atlantic that it has been mluced iil' 
most to extirpatioa. This species has long ceased to be an item of 
commercial importojice. The Whaling Treaty Act of 1936 should 
tend toward conservation of whales. Nevertheless, during 1937-98 
there were 54,664 whales killed, a yearly high for all time. Of tliese, 
46,039 were captured in the Antarctic region. What effect World War 
n has had on whales and the whaling mdnstry is problematic. 
There was need for whale products in war industries, but there was 
also demand for the use of ships employed in whaling for other war 
purposes. Moreover, the risk in whaling during war times tended to 
curtail the industry. 

There ore many North American birds that are in a more or less 
precarious situation as to their future existence. Some of these, such 
as Leech’s petrel, reddish egret, Franklin’s grouse, soutliern wblte^ 
tailed ptarmigan, sage hen, golden plover, and upland plover, it would 
appear arc holding their own, or possibly are on the uptrend, though 
once greatly reduced in numbers and hard pressed. Others are in the 
more precarious class. Tlie great white heron population of e.xtrcme 
southern Florida shows no appreciable increase, although protection is 
afforded these birds on the Great White Heron National Wildlife 
Refuge, where about Iialf of all birds dwell In October 1938 Alex¬ 
ander Sprunt, Jr., counted a total of 585 great white herons; in Febru¬ 
ary 1941 Harold L. Peters counted 551, of which 299 were on the 
Ureal White Heron National Wildlife Refuge. The roseate spoonbill, 
beautifully colored and grotesque of bill as the name implies, is possi¬ 
bly in more danger as a nester in the United States than the great white 
heron, though actually at present more birds exist. It is found in the 
same general region of Florida us the great white heron, but has a 
supplementary chnnee for survival in a larger colony in Texas. There 
are also a considerable number of the birds in Mexico. The Florida 
nesting birds are decreasing in numbers. The Texas nesters have 
increased, bat are in constant danger of destruction through oil 
development. 

Another strictly American bird being preserved by refuge manage¬ 
ment is the trumpeter swan, the larger of American waterfowl. For¬ 
merly nesting from north western Iowa and central Nebraska nortJt- 
wcsterly to central British Columbia and Alberta, it is now limited 
during the breeding season to the vicinity of yellowstone National 
Park, Wyo,,and the Red Rock Lakes National Wildlife Refuge, Mont., 
and to a refuge at an undesignated locality in western Canada. At 
each of these breeding areas, the birds are being carefully guarded. In 
Tellowstone-Red Rock I^kcs regions there has been an increase 
from M birds in 1934 to 211 birds in 1&41. In Hawaii, the nene, or 
Hawaiian gnaose, has faced destruction by man and the mongoose. 
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Fiuuitt 2.—Former brcedioe rsegc end present brCDCdlni! rnnge of trampetCF ewnna In tbe United States. 
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The^ maj be 100 or more of these dry-land geese in captivity, but the 
species is probably reduced to about S5 individuals in its native wild 
^ate* The Lajsan teal is another of the duck-and-goose tribe con¬ 
fined to Laysan Island southwest of Hawaii. It is at an eitrcmely low- 
ebb, and though inhabiting a national bird lefuge, it may pass into 
h^oiy at any time, if it has not alieady gone. There were only 14 
birds left on the island in 1933. 

Many of our birds of prey, even tiiongb actually beneficial species, 
have l^n shot on sight as harmful, or considered legitimate targets 
on whicli to test marksmanship. Practically all species of this group 
have been reduced in nmnbers. Probably the most seriously en- 
dangeiiMi is the California condor, masterful airmnn of graceful flight 
and grandeur, and man’s beuefactor as a destroyer of carrion. The 
CaDfornia condor formerly riitigeJ west of the Sierra Nevada from 
Washington to Lower Califoniin, and in the Jays of Uie ^forty-niners’’ 
was not rsire. It is now i-educed to not more than 70 indii-iduals, most 
of w hich make their home in a comparatively small isolated valley in a 
range of monntains in southwestern California. Two other birds of 
gmceful flight and beauty and both of harmless habits, the white-tailed 
kite of the southwestern United States and the Everglade kite of 
Florida, are citremely reduced in numbers. The whitetiiil is probably 
in less danger than the Everglade, since its present distribution is more 
extensive and it is known to nest in several scattered colonics, The 
Evergiiide kite, however, is known to nest in the United States only in 
the vieinity of Lake Okeechobee, Fla., where there are only a few 
pairs of birds. 

_ Three of our gallinaceous birds are approaching tljo vani.sbitig point. 
None of the existing races of prairie chickens is in aoy too aatisfactory 
a position, and one of them, Attwater’s prairie eliicken, is reduced to 
approximately 8,000 birds inhabiting scarcely more than 5 percent of 
the former rango of the race. The population of these prairie chickens 
hiis been not only by bunting but also by general ugricnltural 

and grazing practices, and by excessive rainfall during the nesting 
season. The masked bob white, formerly occurring in fair nunihera 
within the United fitates near the hf ex lean border, has become extir¬ 
pated except for haral coloiuea in Sonora, Mexico, From this meager 
ifeiican sijp])]y an effort has been tnado to restock the species in 
Arizona and New Mexico. The eastem wild turkey, the native wild 
turkey of our Atlantic coast colonists, has all but disappeared as a 
puj*-strain wild tin key, A few of tliem still inhabit the region of the 
lower Santee River in South Carolina; under Ibu ausiiices of the 
United States Fish and Wildlife Si-rvice, 15 birds from this remon 
wwe placed on Bull’s Island, South Carolina, a national wildlife 
refuge, m 103aL40, Tlds stock has increased, ami will provide another 



west to the foot of tbe Rocky ^louutains, was known to nest from 
Iowa and Nebraska nortb and northwest to Hudson Bay and Ifac- 
kcDzie, and wintered in huge flocks in the Gulf States. Being big and 
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li'tairEE 3,—Former range aad present raiige oE ittCwDlcr'a prairie cnicken La Texas. 

conspicuous, and an inhabitant of the open places, it nfforded ‘^some¬ 
thing to shoot at” for the unprincipled gunner who was out only to 
kill. Tt was reduced to a low population of possibly not more than 25 
individuals by about 1P35, and even today there arc almost certaiiJy 
less than 100 living, They no longer nest in the United States, and 
the wintering flocks sojourn chiefly in Tcios. Each winter a few visit 
the Aransas National IVildlifc Refuge in southern Texas, 26 individ¬ 
uals having been observed there during the winter of lOlO-Al. The 
Florida sandhill crane, a grayish bird smaller than tha whooping 
crane, conflned to only a few nesting localities in Florida and one in 
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flock of pure-stroin wild birds. Elsewhere there arc birds that sliow 
characteristics of the original native stock, but a large portion of the 
population shows crossing with domestic turkeys. 

The whooping crane, a white bird nearly man high, formerly oc¬ 
curred during migration from ttie Atlantic coast south to Georgia and 
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Geor^pR, is dwiadJing in numbera and can be saved only by diligent 
protection. 

Several store birds are becoming scarce, even though provided 
protection through the Migratoty Bird Treaty Act The last specimen 
record of an Eskimo curlew for the United States was in Nebraska 
in April tliough a bird was collected in Argentina in January 
1925. One was reported as a sight record from Hastings, Nebr., April 
8, 1926. There are no reliable records since tlien, and the species is 
probably gone. Of other shore birds, the Hudsoniati godwit seems 
to be nearest tlie vanishing point It nests on the Bitrren Gronnds 
from Alaska to Hudson Bay, and migrates to South America where 
it winters. It became greatly reduced during the game-marketing 
days of the eighties and nineties and lias never bi$en able to recover. 

The largest and most magnificient woodpecker of the United States, 
the ivory-billed woodpecker, is now reduced to a few individuals. 
Probably all these, and certainly most of them, are in a heavily forested 
tract in Louisiana. Dense forests of large trees are essential for the 
existence of the ivory bill. Unless its Louisiana home can be saved 
from the lumberman’s ax, the ivorybill is doomed. And with the 
urgent war call of ‘*TimberI Timber 1” the outlook for retaining this 
species in our fauna is not hopeful 

TItree of our small passerine birds have approached the danger line. 
One of these, the dusky kinglet, a midget bird of Guadalupe Island, 
Lower California, may now have followed other vanished birds on 
lliat island. Bachman’s warbler of the soutlieastern United States, 
always in recent times a rare bird, barely maintains its population, 
and in general appears to be on the decline. The Ipswich sparrow, a 
species related to tlie savanna sparrow, has a breeding range restricted 
to small Sable Island, Nova Scotia, and in winter is found from there 
south along the sand dunes of the Atlantic coast to Georgia. On 
Sable Island it nests only near the beneb. Wave action from severe 
storme may at any time destroy its nest ing habitat. 

Both the American crocodile and the Mississippi alligator have de- 
creased in numbers in their habitats in the swamps of the Soutlieastern 
States. Tlie crocodi le never occurred within our United States hound- 
dries proper except in extreme southern Florida. It differs from the 
alligator in its longer and slenderer body, its much more pointed 
snout, and longer teetli. Both the crocodile and the alligator have 
been hunted for their hides for use in leather manufacture. Many of 
them have also been wantonly killed out of sheer prejudice and hatred 
for an ungainly reptilian with an unfriendly appearance. The catch¬ 
ing of the young of both species and their sale as pts to be transplanted 
to a more northern climate nnsiiited to them has killed hundreds. 
Tlie crocodile la almost a relic of the past in the United States. The 
alligator, under pro|]er protection, will probably stay with us. 
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Of our highly edible fishes, two species of sturgeons, the common 
wid the lake, haye been so reduced in numbers, largely by oommercial 
fisheries, that they hare not only become of little commercial impor* 
tance but are in actual danger of extinction. The status of Late 
Superior whitefish, to many of us the grandest of all table fish, b 
almost the same as that of the sturgeons. And on our eastern, coast, 
the thousands of Atlantic salmon that formerly, early in su^er, 
ascended many of the New England streams to spaiftfi, now migrate 
only by hundreds to one or two rirers, more notably the Penobscot. 

SOME SPECIES THAT HATE RECOVERED 

Dark as the picture is for many of the rrildlife forms mentioned, 
there is a light of hope for saving some of them if appropriate action 
is taken, l^amples we have of wildlife species that liave recovered 
after being on the verge of extinction offer that illumination. The 
American bison roamed the prairies and plains of the United States 
and Caneda in herds that in pioneer times certainly aggregated more 
than 50,000,000 animals. By the close of the nineteenth century, the 
population had probably reached its low at a total of about 800 aninmts. 
The American Bison l^iely estimated 1,917 living animals in 1008. 
Shortly afterward, through the efforts of that Society, the National 
Bbon Bangs was estidilbhed under the administration of the Bio¬ 
logical Survey on land formerly a part of the Flathead Indian Reser¬ 
vation, Montena. It was stored October IT, 1909, with 37 bison, 
all but one from a private herd at KaUspell, Mont. This was really 
the beginning of the up-huilding of the American bison population. 
Today there are more than 6,000 bison in the Unltsd States, mostly 
confined to ranches, parks, and refuges, and another possible 30,000 
on refuges in Canada, a total of not less than 35J)00. Nineteen hison 
from the National Bison Range were introduced into the Big Delta 
rc^on, near Fabhanks, Alaska, and had in lO-U increased to more 
than 200 animals. In thb region they are given free range. Modem 
civilbation and agricultnral practices in most localities in the United 
States no longer make possible the free-ranging of vast migrating 
hordes of big-game animab. We can, nevertheless, save a species 
from extinction, as witne^ the bison. 

That pecnliarlj American mammal, the prong-homed antelope, 
through protection in refuges and by management and hunting con¬ 
trol, baa increased from a low of about 80,tMS0 in 19*20 to 240,000 in 
1943. And the American elk, or wapiti, by transplantation of indi¬ 
viduals of the Rocky Mountain subspecies, mmnly from Yellowstone 
National Park and the National Elk Refuge in northwestern Wyoming, 
has been reestablished in many localities where it formerly dwelt A 
few bands of elk have even been established in localities outside their 
ancestral distributian, including herds of Rocky Mountain elk in south- 
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wcatoro Utah aud Neradiij and tule elk in eastern California. The 
combined populations of all forma of elk have inercuEed in the United 
States from a low of near 20,000 in 1005 to more than 225,000 in 1943. 

The action taken to consen'o the Alaska fur seal is an outstanding 
example of whiit can be done to save an animal from extinction and to 
i^estore a valuable natural resource. 

Briefly outlined, the history may begin with a fur seal population of 
more than 4,QO(),000 animals in 1867, when the United States pur- 
cha^ Aloaka. Commercial exploitation, with its associated pelagic 
sealing, or taking of seals at sea, and its almost unrestricted killing 
of seals, rapidly reduced the population. By 1911 the population 
had been reduced to 125,000 seals, less than the annual kill in some pre¬ 
vious yeare. On Deccinber 15, 1911, u convention for the preserva¬ 
tion and protection of fur seals was entered into by tho United States, 
^gtand, Canada, Japan, and the Union of Soviet Socialist Bepub- 
sealing by the nationals of each country was abolished. 
Management of fur seals on the breeding rookeries was left chiefly to 
the nation having juristlicHoii over the locullty. The United States, 
therefore, had charge of the great seal rookeries on the Pribilof 
Islamls, protebly involving more than 85 percent of the breeding 
stock. Provision was made for each of the nations to turn over to other 
nations of the convention a percentage of the seal skins taken on ito 
sliores. Under tiiis protection, the seal herds increased to about 
2,300,000 in 1941, and under managed cropping 800,000 fur seal pelts 
were harvested in 20 years, fnjm 1921 to 1940. The convetiUon, how¬ 
ever, was terminated on October 23, 1941, Japan having withdra^vn 
after 1 yearfe notification of her intention. 

Tliere are several species of birds tliat have made recovery after 
being near the border of death ns a species. Possibly among the most 
notable of these are the American egret and the snowy heion. Both 
of these species were nearly wiped out by plume hunters wlm sought 
Uie adult birds during the breeding season in order to procure feathere 
for millinery purposes. The American egret, transcontinental over the 
southern Untied States, has now become a common bird, and it would 
seem may have extended its breeding range northward beyond its 
ancestral range. The snowy heron, although not showing the rebound 
of its sister heron, is nevertheless no longer in serious danger That 
most beautiful of all American ducks, the wood duct, has also in¬ 
creased from a low population to one sufficient to insure, with ample 
pfotsct-ion, tile cohliDuiuice of the 
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important factor in preserving wildlife species is ^If- 
contre! by man so he will no longer he the moat destructive enimal. 
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Such oontral ig maJdDg progress though often against iha inoima- 
tions of the man who sees in wildJife oulj an easy means for itniue- 
dlste self-gain without regard to his own future or that of Uio foh 
lowing generations. General metliods of consenration arc now well 
formulated, rossibilities for improvement naturally will present 
themselves. The essential thing is to act wlien we know what should 
be done. Federal, State, and County governments and national and 
local organizations all have a hand in this work. When a widely dis¬ 
tributed apeciea is endangered, however, it becomes a national prob¬ 
lem, and as such should be entrusted to our national wildlife agency, 
the United States Fish and Wildlife Service. 

Adequate arganisaii&n ia needed to administer funds and work 
projects, to supervise activitica, to enforce legal protective acts, and 
to manage wildlife and wildlife areas. 

Legal ffoteetion^ both Fedeml and State, is a necessity. The 
many State dsh, game, and other wildlife Jaw's are not familiar 
in detail to most of my readers, but we all know there are many such 
serving a useful purpose. Among national laws there ia the famous 
Urey Act (act of May 2fi, IDOO, 31 Stat, 187—18 U. S, C. 395) regu* 
lating interstate commerce in wild birds and other animals. A similar 
law passed in 19S6 applies to interstate transportation of black bass. 
The bald eagle, our national bird symbol, has been given legal pro¬ 
tection (act of June 8,1940, 54 Stat. 250), Other Federal laws have 
provided for national wildUfa refuges or tlio protection of wild oJii- 
mals and birds and their eggs, and GovenuDeut propeity on Federal 
refuges. 

The range of many species of wildlife, particularly during migra¬ 
tions, may cover territory of more than one nation, or species may 
inhabit international waters. When such is the case ajid protection 
is necessary, resort is made to treaties among the nations involved. 
A convention covering the essential reasons for acting and the ob¬ 
jective and means of accomplishment is entered into by the nations. 
An enabling act is then necessary for enforcement of the convention 
by each nation, Tlnis Mlgretory Bird Treaty Act (act of July 3,1018, 
40 Stnt. 755, as amended by act of Juno 20,1D30, 4& Stat, *1555—Ifl 
U. S. C, 703-711) and the Migratory Bird Conservation Act (act of 
February 16, 1929, 45 Stat. 122®, as amended June 16, 1035, 49 Stat. 

^10 U. S. C, 715) are enabling acts to enforce the “Convention 
l^wceii the United States and Great Britain for the Protection of 
Migretory Birds in the United States and Canada," as signed in 
WMlungtoii on August 16, 1916, ratified by both the United States 

proclaimed on December 8, 
IT ^\^<^™ntion between the United States of America and the 
United Mexican States for the Protection of Migratory Birds and 
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Game AnimaU” was signed at Meidco City, February 7, 1036, rati¬ 
fied by tbe United States on October 8,103S, and by Mexico on Febru¬ 
ary liJ, 103T, and proclaimed on March 15, 1037 (50 Stat. 1311). 

Among other important treaties relating to wildlife is the Whale 
Treaty. Tha “ConTention for the Begnlation of IVhali^ was signed 
hy representatives of 2G countries, including the United States, at 
Genova on March 16, 1932, and was approved for mtiJication by the 
United States Senate on Joive 10, 1033. The enabling act put the 
treaty into effect on May 1,1036, An enabling act may give authority 
for action, but may neglect appropriations for operations. Such is the 
case with Uie Whaling Treaty Act. The important Fur Seal Treaty 
Knp heretofore been mentioned. 

On October 13, 1940, in the Pan American Building at Washing¬ 
ton, U. C., representatives of 13 American republics signed the “Inter- 
American Convention on Nature Protection and Wildlife Preserva¬ 
tion.’* Since then othere have approved, and now IT have signed 
the pact. When this treaty is oompleted and in operation, it should 
aid materially in the protection of many forms of wildlife, more es¬ 
pecially birds, such as some of the curlews and plovers, that might 
migrate between the two continents. 

Farmanent refvget^ sanciwsriM, psnfcs, primitive or wUdemeei 
arenv, or whatever you may call them, carefully selected and main¬ 
tained as the optimum habitat for the fipecies, are e^ntial for the 
preservation of endangered wildlife. By refined definition tho terms 
“refuge,** “sanctuary,** “park,** and “primitive area** have distinct and 
different meanings. Sometimes a refuge is called a preserve, reserva¬ 
tion, or range. Often, iiowever, in actual usage in proper nam^ any 
one name may apply to an area established for the preservation of 
nature, including wildlife, or primarily for saving a species. The old 
adage “Wliut’s in a name!** here applies. All of them serving for 
wildlife preservation, we find such names as the Wichita Mountains 
WiJtUife Refuge in Oklahoma; the Desert Game Range in Nevada; 
the Thelon Game Sanctuary in Canada; tho Yellowstone National 
Park in Wyoming; the Bjuger National Park in tlie Union of South 
Africa; the Parc National Albert in the Belgian Congo; and the 
Sierra Primitive Area in California. 

Frequently, in order to insure suitable environmttit, a refuge is 
established in an area including the remnant of a species, and from 
that remnant as breeding stock effort is made to increase tho [lopula- 
tion. Several refuges in the United States have been established in 
this way, such as the Sheldon National Antelope Refuge and the 
Charles Sheldon Antelope Range, Nevada, for prong-horned ante- 
iopes; tho Bed Bock Tjfces NationBl Wildlife Refugp, Montana, for 
trumpeter swans; the National Flit Refuge in Wyoming, and tlm 
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National Great WliSte Heron Refuge in Florida. Often transplanta- 
tion of stock to a suitable area ia necesaary*^ This was the case in the 
establishment of bison on the National Bieoti Range^ Montana; musk 
oxen on the Ntinivak Island National Wildlife KefogCj Alaska; bisonj 
elkj and prong-homed antelopes on the Wichita Mountains National 
Wildlife Befugts Oklahoma; and eastern wild turkejrs on BulFs Island^ 
Sonth Carolina. 

Impr^^fnent of h^^itatj always based on research as to tiie needed 
environmentj may change living conditione of a small popolatbn of 
a species ao as to be the determining factor in ita preservation- Arti¬ 
ficial means thus applieclfor wildlife restoration sdiould tend to restore 
the natural environment of Uie spiles or create adaptable substitutes. 
Tlic means are many and include varioiig types of water FestoratioTi; 
change in vegetative types need by wildlife for food and cover; crea¬ 
tion of nesting sife$; and control of predators and parasitea, often 
necessary when a midlife type is nearing the vanishing point. 

Dom^ticati^n ond or&ssbre^dinff have been suggesf&d as having a 
place in saving dti endangered wildlife species, but these methods 
should be employed only a.? a tasFt resort. Species so treated for many 
generations, ^uch os the dog* the caty the horsOy the water biiff[ilOy the 

Gie sheep^ the chicken, the turkey, and others, have all lost the 
characteristics of the wild ancestral stnek and developed into many 
varieties, iur farming may Eave the silver fox, a color variation of 
the red fox, but in so doing it may so change ita characteristics through 
rearing that the native tyyne would vanish. In order to save the Euro¬ 
pean bison, or wisentj it haa been crossbred with an old-lineage i^train 
of domeatic cattle in Germany and with the American bison in the 
Ukrainej Union of Soviet Socialist Republics. 

tJliirfiaEiVCfia and COLI^TERAL UtlADING 
AJ4J3T, GlOITB at 

1042. Extlaet Boa vanlstii&i^ marninfits i7f the Western HemlBplicre, with 
ihi* marine npMlPa of all iOecBiia. Spec. PuUL American t'ornmUtee 
for InternntJoiiai wm Ufo FrvtoctJuiip No, il, ttSO pp.p Ulofl, 

AnoNTuona. 

10*0, The etatns of wLldllfe Id the UnlteU States. Repi, Bi>eclal Coaimlttee 
cm CoJifierYutloD of WilUHfe Rt^^oreea^ 7Stli Coog.p 3d ^wL, 45T rP - 
74 plSL 

3942. Text of fcileral l^i^ps roIfttlEit! to the prDtej;!t[nn uf wllinile^ Fish Abd 
Wildlife Serrlec, Clfc. 12^ 35 pp. 

Aoctet, OiLiur. 

1U4L The mtia: a study of the OltiurulUiifcrmeo. BaIL Auckland Inet. odd 
Mus., No. 1, 145 pp.. Ilia*. %tay £fi. 
n’'*iTOixi* Thom AO, ato Pdvfck, D. 

1935, Kotcfl on Sonth ArrlcHD wndllf# con^rratloii porks and reMrveOv 
SnwL Publ. Aruerlcon Committee for Internatjonal Wild Life Pro- 
t4.eUonp No, 7. 34 pp., 8 pU, 


CONSERVtl^'G WILDLIFE—JACKSOl^ 269 

R KaM , DaTkIEL E-, LllTfXlLfl^ t''&J3>E»ICK CaHALAIS^ YICTOE jACKiW:^^ 
HistiirT H, 1*-^ and TBaHssos, Bin H, 

Fading trolLj: tbe story of cudfttigfirotl American wildlife. 

PPL. SO pla. MacmUlfln Oo., York. Bept ember L 

Esoun-tx fi. 

1033. The orKanlaatlen ot BAtura proteetloo In Uie Turlo^is eountrlea Bpeo. 
Pntl. AmiirtMifl Committee for IntcmBtloriat Wild Life ProtecElon, 
No. 0, 112 pp. 

Dx ScHAUEivauc^ BonoiPHE MxTm 

1041. Ritre and eitinet birds In the collections of tlac Academy of Naiuriil 
SdeuceB of PlitiBdolpaila Proc- AcftcL ^lat. ScL Phlladelpliln. voL 
aa PIL 2S1-32J. 

Eludtt, CflA£ii:a N. 

I&IO. Conservftlloii of AtncHcnn rraontces, yl4G72 pp., II Inn. l^rner EL 
Smith Co.. AtLantfl. 

Ely, AiJloaj^ AK'fnoxT, H. E., and CAi.tEHTEIt» R E. AL 

1030. North AmerlcBii hl^ game* 533 pj... UJufl* CiJArfoB Serlbner^B Sons, 
New Turk. 

GAttiXtxfiazii I. N. 

1033. Wlmt con wo do about onr rare and yantidilng s^K^eleal BcL Amer., 
Janimry, pp. 4-B, 

104L Bare anil tonlalalnp specie. WUdlEe Cooserriitiop, cJmp. 13. pp. 
1S4-1O01 MacmDlan Cou* New York. 

QAJiaET?H}lt. MaVT]^ 3. 

1033. llie Aiiierlcfiii bLsom 251 pp.. lUna. New York Zi^loglcal Society, 

HasPIS, FlA?fC1fi. 

iPiri, Extinct and TnoL^h Log mamma Eb of the Old World. Bpcc. PnbL Amerl- 
can Conimltlee for international Wild I-lfe Pmteotlom Ko. 12, 350 
pp.p titua* 

HONEp ELtSASEm. 

1333. African game protection; an outline of the exUdiig game rcserrCH and 
natloDul pnrk.^. wUh notca on certain Hiseclea of Lig game ncarliig 
extinction, or needing additional protection. Bpee. tMbL American 
Onranslttee for Infernattonnl Wild Life Pi^tecdon, No. 3. 45 pp. 

IS34. *nio present status of the mnftkoiH SpcfC. PnhI. AtoerlHati Cbmmfttee 
for International Wild Life Protectloni No. S. 3T pp.f 4 pis.., 2 nuiris- 

HoanApAT^ WllXiAM T. 

1913. Onr tanSfihlng wUd Ufe 411 pp.. Ultifl, Charles Scrttmer'a Sons. New 
York. 

Hot. I". R. 

ISSlL The larger wild nobnals that Iuitc hcceme extinct In Wlscontltt 
Trans, WSaconsln Acad. Arts and Lett., toL 5, pp- 2!^2fi7. 

HTmuACE, Tnw^onn, 

1037. l'rlt:]e]picB of wEId Ufe conserratlQiL 24 pp. Game ami Gnu. London. 

JAclEso?t, ilAirrLET H. T. 

1914, Blg^ne rewurres of the United States^ 103T-l|Mi tJ. S. lXi;i* Inte¬ 
rior. PSjOi uod Wildlife 0e^^t Rra- Rep, S. 5Gpp„ Hlaa, 

KmAjoWi llEirirroTDx 

1040- WhaJea, giants of the sea. Nat, Oeogf. Mdg.r yoL 77+ No. 1. pp. 35-80^ 
Ulus. January, 


flTa^ia—48-—IS 



270 AUNUAL BEPORT SBflTaSOlflAN mSTTrOTlON, IBIS 

Km, a H. M. HET!fBirft-Vimii.T, Mbs., and Vaw Keitbn, T. tX 

1030. Nahire protwtioii Ic Uie Netleflaods iDdlea (a twnstatloa /nun aiip- 
pJemfflt to csojiirlb, N*. lO, NederL Cvsm. IctEniat. Natonrb.). 
Spec. PUM. AmertcaD Committee for lotermitloiia] Wild Ufe Pro 
teetlDfl, No. e, 73 pp. 

Laniuncr, VaLaEKj; W. 

IML Attwutcr’B pmlric chicken; Ite life bUtoty and mBoapmMfaL Korlb 
T « «. Jfo, 57, t+« 5 pp.. 15 pU, tt. a Dep, Interior. 

LtrcAR. Fnlfl}EiiC A. 

ISOI. Animals rececUj extinct or threatened wJUi extennlnotion, aa repre¬ 
sented in the collKtIota of ihe u. S. NatKKial Mhwmuil Hep u. S, 
Xit. Mue, for IBS®, pp. OOSMMo, iijaa 
SIcAt^ Waum r»pc 

1011. Oar taniahini shoreblrds. U. S. Biol. Sarv. Clrt 7B. 

Mis&ims, W , E, 

1007. TSq passenger pigeon, Ontlng PuW. Oa., Ktw York, 

Mdoax; a T„ nnd BxXi. AtrTsnn, 

ItMl, HRblts of ihe whltotalled kite. Atik, toL 33, opt 41)3-403. 

Muwsoe, GeoBap C 

104R Btiditowred bird apwiea of Hawaii. Jonrn. Bonolniy AndnlBa Soe,, 
O'iUufT Jntw- (Mlrnwgraphed.) 

tSSO. f’nr-ssnl Industry of Pritfilof laianda, Aiaafca, U. S. Dep, Ounnterte 

le, Economic Clre. No. Tl, 13 pp,, moa. 

BjtmT Tusnxut^ nnd AfimoisTt H, E. 

1S>22. Close of tb# age of rnammidfl. Joara^ KfazimL, yot Z* No. 4, pn 238-237 
November. 

POCOB, BlCHAJtS H. 

1037. All Jnfentorj of tbreai^ed ao<i vaoLshtD^ species;. Trans. Sotiond 

__ North Amerlefta WJltlllfe Confereneep pQ, 50DHnH. 

Vicna B. 

IfrJO. A newly located herd of Paclfle deer, Joom, Matiim. 

VoL 31, No. Zi pp. 271-2S2. AognBt, ^ 

SUTTON* Ewest TmokEPsofr,, 

192®. anlmala 4 rala, Uioa DouMeday. Doran and Co., 

r*ew xotiL 

SnoKMaKzm, Utnwx W, 

laiT. Ei^ Pranaj-lranla nnismis. Pi. i. The panther and the wolf. 
IBl pp., llliis. Altoona Tribune Fhabl. Oo.. Altoona, Pa 
Stuon, TnAOOKoA 

IWO, The vanished and the ranlsblng wild Ufe throoBh the years. Con^ 
smatjon Voluntoer. toL 1, So, Z pp Uft-lMi MiaM»ta Dep. Con¬ 
servation, St Paul. November, 

WatD, jo«» E. 

IWO. -1118 passing of the lyre-bird. New York Bool. Soc. Bnll., voL 03, 
No, 5f ftp, llfl-lSS, Uloi, October. 

'*P"*®* a few Of mnny wrlUnga on endangered speci» 
end their eonserratloa Others are to be foand In the pnbUc.tloi^f -cESto 
and eoBservation organltHtloat. sneh as the following: 

aMlostcai Pork. Nrw York, N, T. 

Pwtection. New York Zoological 



CONSERVING WTLDUFE — ^JACKSON 


271 


Aia&rlcui OmlUioloj^tsT Union, Dr, L^vmnce E- Hlcka, SecretaiTp OMo State 

UnlvereltTp ColTimtuifl;, Ohio. 

American Societ^r of MAonnalofiatSp Dr. Emicct T* Hooper, Seerefcarr, OoLvenJlT 
of MLchlgaju Aon Arborp Midn 
AmerLcsn Wildlife Instltritep Wa^lo^oti. D- C- 
GotnLti Beige pour la Protectloo de lA Natnret Bmsseis, BeJgiuon 
Eojer^iicy Censcnratlon Comnrftteev '<34 Lexiostoo ATenoe, New York, N. Y* 

Flah arid Wildlife Sertke^ V. S. Department of the loterlDr, Ctdca^, DL 
National Audoboa Ebdety, 1000 Flftli Areiiiie, New York. K. T. 

National Park Benrlce^ D. S. Department of tlio Interior, Ohlc«^ lU. 

Office International iiour la Protection de Ut Nnmre, Eniasels^ Bclfiam, 

Soclet? for Uio Presermtton of the Faiina of the Bmplrcp Hertford. England, 



■■:tz *E»::^SiSrssn^|r53;-sr''^^ 

' * J ^ >' ^«Br^,iW&S J, (l|\n WMI, ^ 

<»-^ 


-Wvn ifiloW ...X.^» 



V " ^ fTMfr > V^ 

. -_=l . - LJ ; 

' L jPfci- 

^■_,*3?!s;' 

r?*^ ^i4ij 

liiFi >T ^ 

. a r« *.- 

QIM> tt." • •■ -vipi. v’'iU‘ 




jbfr 


i»p; 

w.’ • f: ^ .1 

m i. pi^ir 



ii«m 4 <}i^ 


■%. t,'Tkk--wri** «i4fWag^ 

..1 , f 

.. IM 

?*" 

»■’ ■*, ^ES^'p - 

.tj^ 

^ #-* 


:, /’ • ^ ‘ti.gf 

KMikP .>•<■ ^. I , 


•jii»*^ 


6*_ 

A 


kWt4-dp g»»i8. ».^' „ ^[,*»« 

»«*•.:-*• «« «k ki^. tW, H t' 

• tel»- r iVi r-te*-* awe • •■»)**. .,»<^ 







PUATK 1 



I, AouAReu-e of the: dodo. 

r All rlbLiti^I to CJmrk* Collina, ca. A. P. OrlpiiMi ftra-vl^ fnuti Ihi^ Tii'Jnr Wbllr in 

tlw HlArkiT Mlwi^rV ^ Vfk Mi:ii ilK L’ MacilKdi, Caximd*- HpiimiKC!d fmtPi rokw pkln 

In An tiLtralurtton totlw LIU'ntunp (if Vtnrhratf by Vmipr A. Oifunl rrtivi*n4iy 

mu 



2, PHZEWALSKY'S HOWSt OlT A NEAfl RELATIVE. IH MaTIONAU ^OOUOOECAL 

PARK. 


(^hoiofnph hy Emm P- WaUcit.) 


lUimt, I445.--Jfcdwin 


PLATE 2 



1. PERE DAVI0-S OeER. 


iCofiJ i^r curfoi phXt [1^ hjr J imirt ^jniwiyteE Ihc otIeIiuI ton by AIpboniH; ^IDik fdwjinb 

in Aiciah-ei du MumiiB d'Jlblatfr ?^Atun^lle nla J^rij. IW.t 



2. Grizzly Sear in the Wn_D5 in North western WvorviFNo. 
(Pfaot4i«nbb by TndtfU^ J£. Vw^d.) 






iui H^pan:.. Jpickwn PLATE 3 







Ripflrt, 1941.— 


PL>T£ 4 



1 A PAIR OF EUROPEAIH BISOIM, OR WlSEhTT. LANSSJO. Sweden. AaouT 3 924 
lllfMtfifnniltb ffiTifTn 'I'raJlIt Kurf^iLi 



i White-tailcd Gmu ih National ^iooLoaicAL Park. 

PlMTciCrflfill bj P, WallHir.^,1 





SmtlwmAm l^itpiaFi. tWlS.— JiJ eiot 


Plate 5 



1. FEMALE VtCUrtA. SUCftE. BOLIVIA. JULY 1943, 


E f'IwrtoKniph by lUirtUDBil Udinore.)^ 



^ blji^gk-Footed ferret m chow h hoi am ftESEnvATioN^ mont.+ NovewiHFR 

1&27. 

(l■l)MJl«npbhy K, Cii€ft> 








PLATE g 



1+ A Yearling PACiFic Monk Seal. Ocean ifiL-ANO. Hawaii, afail 
i hr Aleumto «>ittiOw.J 



2 PACIFIC WALRUS, ALJ^KA 






DesEftr Kox, A Relative of the Kit Fox, 2, Califohnia tule elk. yqsemite National park 

Lone Willow spiiing. calif calif, 

{I'bol^iirraiib imm Qttalo asEftlD, YwmLLt SaIIOfmI Vrak.) 








PLATE B 



1, DE5ERT BEGHOHN. CpR NELSON'S MOUNTAIN SMEEP. 
}iiiiH|iilr-qr-=1 riPi nl Tff>ij|iSi*T Tn-nj-iin liV|lililifj> RjifuKr. Xt«v, 



2. MUSK OX. 

Mldrtlr-UL.l buU In M tUetoijBFr SiifV,y Kinerim-aul Hunr, GoIIfw, Alutifc P**’*' 

EO ihLEiR>i;tiE Df Eht* N uuLviik lalftnd. Iiraa IV, 



Fi»ATe 5 


Saidlhioiikn Rjrpofi. IWS.- - 




TRUMPETER SWAH, RED ftoCK L>KCS NATtOlHAL WILDUFE REFUGE. MONT 










Ripart^ 3941— ji^i|dii(Hi 


PLATE ! □ 



1+ CAUPnCinfilA CONDOR IN NATIONAU ZOOyC>CiJCAL PARK 
trifent^rajih rttJOil XHlioniil {‘iirlco 





1 AM^I^tCAP^ CROGODILE IW NATIONAl. ZOOLCXSICAL PARK. 
tCtJUTteay of Ertaest WbI^itO 


SmjflhMtilPdi RjtpD4i, 394Jt.—JtdwB 


PuAxe 11 



2. AWieRICAN BISON BULL. aiM RfvEH BA« CM BlSOH RAN$£ AaoVE JARVIS 
CHEEK. ALj^Ka. AUOU&T 

Hisorn wen tnlHi ihJi [nut of A1 h1i:tii hmI arc dolof vnIL 











Rii^ imJl -jukKn Plate i2 




A, AMEF^liCAM EGRET* GELOftGIA, 1^3^, i- 0*1-0 EAGLE. NELAH SeWAHD ALASKA. 










5f|djfbtunkiv . IWS. — Jickion 


PL>TE It 



i. AtJk^KA FUR SEAl. ROOKEWV. PHtBtLOF I Sl-ANOS, ALASK^^ 



i. PIW^^«-HORNEP AHreLDPE AT W*TEF PN THE CHARLES ShEUSOH AHTELOrtS 

refuse, nev. 




LIVING WITH THE BOLL WEEVIL FOB FIFl'Y YEARS 


By U, t). liOfnei * 

Z>ti7icl^n of Cattm Insects 

of Eniomotogif onil Ffiinj ^KantlHrffi# 
J^£cciitA jlefmfnftfralwit 
Ui S* of AgriotiUvre 


[Wltb 10 plBtct] 

Aewffffiw# ffrandis^ the evil sipint that dweUetb amoiigst ua^ TFas 
the text used by Dr. AV, D. Hunter in describing to a Texas colored 
congregation the recently established boll ’weevil Uiat was destroying 
the cotton crop on which they depended for daily bread. This red- 
dish-brown snout beetle (pL %. 1), measuring about one-fourih 
inch in length and onc-third as wide, ia a native of Mexico or Central 
America tliat existed in obscurity on the wild and small plantings 
of cotton until it immigrated to the United States a little more than 
50 years ago> Since the boll weevil reached the abundant food supply 
provided by tl^e almost continuous fields of cotton in the South, it 
has become the Ko* 1 cotton pest and has affected the economic and 
social welfare of moio Americans than any other insect. 

The boll weevil was first described in 1S43 by the Swedish onto- 
mologhat Bohemnn from specimens received from Vera Cruz, Mexico^ 
and was next mentioned in the literature in 1870 by tlie German ento- 
mologist Suffdan as occurring in Cuba. Xothing was known of its 
food plants or habits until l&SO^ when the United States Commissioner 
of Agriculture received a communication from Dr* Edward Palmer 
describing the serious damage to cotton and specimens of weevils 
collected near Mondovaj Coahuila. Mexico. 

The first report of its occurrence in tlie United States came to the 
attention of the United States Department of Agriculture in the faU 
of 1894 from Brownsdllet Tex., where the weevil had crossed the 
border before our frontiers were as well protected by cellar anti nes as 
they are today* Investigations that fall by Dr. C. H. T* Towiisetid 
of the then Division of Entomology showed that the boll weevil was 
establiahed in several son them Texas counties and had probably been 
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present siDce 18&2, He reported briefly on the life history and habits 
of the boll weevil, recommended the destmetion of cotton Btalks to 
kill the overwintering weevilSj and the establishment of a noncotton 
zone to prevent further spread. At that time the value and practi¬ 
cability of pest eradication was not recognized by the publicj and 
no steps were taken to deport this undesirable alien. 

By 18^5 the boll weevil had spread nortliward to San Antonio and 
eastward to Wlmrton, Tex.j and was causing such serious damsige 
that Dr, C. W. Dabney^ the Assistant Secretary of Agriculture^ upon 
recommendation of Dr. L* O, Howard, Chief of the Divi^on of Ento- 
mology, appeared before the Texas Legislahii-e urging the enactment 
of a pest law and the creation of a noncotton zone to prevent further 
spread into tho Cotton Belt, but unfortunately tlvis legislation failed 
to pass. The spread continued, particularly to the north and east 
(fig- l)j the weevil reaching Louisiana in 1903 and crossing into 
Mississippi in l&OT. When tlie Mississippi Biver failed to halt the 
advance of the boll wcevilj it was realized that all the eastern part 
of tlie Cotton Belt would soon become infested. In 1916 the boU 
weevil reached the Atlantic seaboard in Georgia and by 1922 ( 31 years 
after crossing the Rio Qrande from Mexico) had become established 
nearly to the northern limits of cotton production and in more than 
600,000 square miles of the Cotton Belt. Its advance was largely by 
flight and local movenaent of unginned cotton end cotton seed to and 
from tlie public gins, and there arc but few authentic records of 
lated establishment ahead of the general line of spread. In the late 
summer boO weevils for unknown reasons take to the air and disperse 
in all directionaK This migration by repeated short flights enabled 
the boll weevil to move forward from 60 to 160 mil^ per season. 
Although several States and the Fed.eral Government had qunran* 
tines and regulations to prevent spread through die movement of 
infested cotton products, it is remarkable that the boll weevil moved 
acro^ the Cotton Belt mainly under its own power. That spread 
with infected cotton or seed can occur is shown by the accidental 
estiibUshmeiit of the boll weevil in Haiti in 1932. 

Careful surveys made each fall by Federal and State entomolofpsts 
to determine the new areas infested furnish a complete record of the 
progress across the Cotton South (fig-1)- The moi% rapid and eixtan- 
sive spread toward tlxe eoBt and north than to the w^t is due to the 
hot, dry climate from tlie western third of Texas and Oklahoma we$t.- 
ward and the cold winters of the extreme northera edge of the Cotton 
Belt, 

PANIC FOLLOWED THE BOLL WEEVIL 

Aa the boll weevil moved in its relcntle^ march across the Cotton 
Belt, the damage it caused threatened to ruin the cotton industry. To 
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opprtcUte the chfios caused by the weevil, it must be remembered that 
southern agriculture and industry depended almost entirely on the 


one crop—cotton—and that losses of from ono-third to one-half of 
the yield occurred for the first few years in each newly invaded area- 
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Farmers, merchant3j and bankers irore batikrupted; Sarma and homes 
in whole conimunitioe ’stere deserted; labor and tenants wei^ demoral¬ 
ized and moved to other sections; and a general feeling of panic and 
fear followed tlie boll weevil as it moved into locality after locality. 
It became the tlieme of numerous verses and folk songs, and the 
‘"Ballnd of the Boll WeeTil*^ as sung by the Texas Negi'oca in the nine¬ 
ties w^as the basis of the early ^bluo” songs. The boll weevil became 
known, by name and reputation at least, to every man on the street 
and affected every home—something tangible that was responsible for 
crop failuiiBs as well as tlieir other troubles, 

THE FlOHX AGAIN ST THE BOLL WEEVIL 

Besearcb to reduce the losses from tlie boll weevil was started by 
the then Division of Entomology in IS&4 shortly after the first mfsta¬ 
tion was reported in Texas and has continued to the present time, with 
only a short interruption from 1S&3 to l&OO, when the State of Texas 
made a special boll weevil appropriation and all work on this pest was 
handled by the State entomologist. As other States became ttireotened 
with invasion, Congress made a special boll-weevil appropriation to 
enable Uie Bureau of Entomology in 1901 to discover, if poasiblei 
means of preventTng spread into adjacent States- Dr. W, D. Hunter 
was placed in charge of the work, a post he filled with distinction until 
his death in 192S. Many cntouiologista later became associated with 
the Federal and State investigations of the boll weevil, and their con¬ 
tributions to various phases of the vrork are too numerous to mention 
individually. Tlie work was enlarged in 1902 and a laboratory estab¬ 
lished at Victoria, Tci. In 1901 the appmpriation of ¥250|OCX) made 
to CULL hie the Secretary of Agriculture to fight the ravages of the boU 
weevil was the largest amount ever appropriated for any imsect up to 
that time. The Bureau of Entomology had already found tlmtchanges 
in cultural practices of cotton rodnee weevil losses, and part of tho 
motley was made available to tlve Buicau of Plant Industry to demon¬ 
strate to cotton growers how to produce cotton under boU-weevil con¬ 
ditions, Tlieso large-scale demonstration were so valuable to tho 
cooperating growers that the Farmci'S’ Cooperative Demonstration 
Work has developed into what is now the Federal and State e^ensioii 
BerTiOTs. 

As the boll weevil spread into new territory, the laboratory was 
move<l from Victoria to Dallas, Tex., in 1905 and another lahoratoiy 
established at Tallulah, La., in 1009. Since that time field laboratories 
have been established at various strategic places in the Cotton Belt 
to study local features of the boll-weevil problems. New problems arc 
still constantly arising. 
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Earl^ invustij^tions sliowed that tLe crude insecticides and methotU 
ef applicatieti then nvallutble would not control tlie boll weevil and 
that Burlmefia of maturity offered the best hope of evading damage hy 
producing a crop of cotton before the weevils become abundant late 
in the season. Special attention was devoted to improving cultural 
practices and varieties of cotton. Changes along these lines were based 
on sound agronomic principles and are now generally used by grow¬ 
ers. often without the conscious realiKation of their value in weevil 
control. After 20 years of continuous effort, an effective insecticidal 
control was developed and by tlie combined use of these direct and 
indirect methods of control every grower can prevent excessive weevil 
losses. Numerous mechanical devices, concoctions, and secret reme- 

have been prO['>osed by people from all walks of life, niany of 
whom had never seen a boll weevil, and gi'ow'ers spent milliona of 
do) I Sirs on tliesa worthless metliods. The State of Taias offered a 
So0,000 priae for an efficient remedy for the boll weevil and a great 
deal of time was spent by research workers testing the numerous com¬ 
pounds offered without Hnding any of real value. The numerous 
‘■boll-weevil conventions" held throughout the south are another 
unique cliapter in boll-weevil history. 

The boll weevil during the past 50 years has affected the agriculture 
and economics of the South in so many ways tliat only a few phases 
can Iw discussed. Among other things, tlie boll weevil helped iii Uie 
diversificatioiii of crops and production of livestock. Ho despite tire 
hardships caused by the boll weevil aud the toll still taken from the 
cotton growers, some benefits have occurred, and in recognition of 
this fact the citizens of Coffee County, Ala., erected a monument on 
the town square of Enterprise, “In profound appreciation of the boll 
weevil and what it has done as the herald of prosperity’’ (pi. 1, Jig. 2). 

The literature on tho boll weevil has become voluminous, ^lue of 
the early publications of the United States Department of Apiculture 
were in Spanisli, German and French for the different nationalities 
of American cotton growers. The many bulletins, circulars, and 
|>osters of tlie Uepartment of Agriculturo, State experiment stations, 
and extension services of the infested btates and the iimuiuerable 
articles and cartoons in newspapers luive made die boll weevil one of 
the most publicized insects. I’hc contributions to the development and 
use of control tuetliods for tho boll weevil by many State and Fctleral 
entomologists, agronomists, cotton breeders, extcnsioii worke^ and 
others provide an excellent example of the value of cooperative and 
continued research on a complex problem. 

1.1 FB mSTOBT OF TtlE WEEVIL .\ND SATUBE OF ITS DAllAGE 

The cotton square or unopened floral bud ia the principal food of 
both adults and larvae of the boll weevU, tliough bolls arc also severely 
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damaged and the adulta oceasionalljr feed en the tender foliage. The 
sliarp mandibles on the tip of the snont are need to puncture or drill 
through the unfolded corolla of the aquarea and the carpel walla of the 
bolla for feeding and egg laying (pL 2, Bga. 1 and 2). The feeding 
punctures are usually larger and deeper than those for oviposition^ but 
both produce sutScieut injury to make the bracts ‘*flaie^ or open up, 
the aquare to turn yellow, and usually shed or fall from the plant, 
resulting in the los of a potential boll of cotton. WeeTils prefer small 
bolls with tender carpel walls, though bolls of upland cotton are not 
safe from weevils until 20 to 30 days old and those of sea island cotton 
are attacked until they mature and open. The pearly-white eggs are 
placed deeply within the cavities in squares or bolls and are difficult 
to Bnd, but the egg punctures are scaled over with a gummy secretion 
that enables a careful observer to distinguish them from feeding punc¬ 
tures. The eggs hatch in 3 or 4 days into white, wrinkled grubs about 
inch in length. After feeding from T to 12 days, depending on the 
temperature, the larvae pupate within the square or boll in which they 
develop. The pupal stage lasts for 3 to 5 days, the adults cut their way 
out, and are ready to lay eggs after feeding for 3 or 4 days. Thus 
with an average life cycle of 20 to 30 days, a laying capacity of lOQ to 
300 eggs per female, and 3 to T generations per season, an enormous 
population of weevils develops hy fall. Small bolts are shed in tke 
same way as the squares;, but large bolls remain on the plants. The 
lock or carpel of the boll in which a larva feeds fails to develop prop¬ 
erly, the lint b cut, stained brown, and is partially or completely 
ruined. Wlien several larvae develop within a boll, as often occuta 
when food is scarce, the entire boll may be ruined (pL 3, fig. 1). The 
winter is parted in tlie adult stage, largely under we^s or woods trash 
within or near the cotton fields, in haystacks, Spanish moss, or any 
place that alFords protection from the cold (pi. 3, fig. 2). However, 
some adults overwinter within the pupal cells in old bolls, especially 
in the drier areas of the Southwest. Weevils require a longer period 
to develop in bolls than in squares, but the adults are more robust and 
better adapted to survive the winter than those developing in squares. 

The fact that cotton is the principal host plant of the bolt weevil 
simplifies control. Adults will feed occasionally on okra and other 
plants of the same family as cotton (Malvacea), btit the only records 
of breeding in plants other than cotton are from altbea (Efidisawt 
syriacus) and the so-called Arizona wild cotton tAur- 

A few weevils have been reared from the seed pods of 
althM growing in weevil-infested cotton fields, but Thurberia is 
readily infested. Althea Is an ornamental shrub extensively grown 
in the south and a potential host if boll-weevil eradication should 
be undertaken by noncotton zones (JOum. Eoon. Ent, vol. 27, No. 


279 


the BOUi WEEVIL—1;X>PTIN 

4^ August 1934), Thurberia occurs in the United States only m 
the moontaina of southern Arij»na and New Ifeiico, where it is 
too hot and dry for the boll weevil to become established. However, 
B Turiety of tbts boll weeTil my re rtsktant to arid condition^ koo™ 
as the Thurberia weevil {Anthw&mvs gratidi^ thvrberiae Pierce), is 
well established in Thurberia in central Mexico and Arizona and 
in cotton on the west coast of Alesico. The Thurberia weevil prob¬ 
ably reached the United States long before the boU weevU, but no 
cotton WB 3 grown in the area and it was of no importance at le 
time. Cotton production extended westward to escape boU*weeviI 
damage, and the Thurberia weevil transferred to cotton when plont^ 
near its habitat. The first Thurberia weevils were found m fields 
neai* Tucson, Ariz., in 1920. It differs from tlie boll weevil m hav- 
ing only one generation a year on Thurberia and in the adults pass¬ 
ing the winter only within the dry seed pods of Thurberia or bolls 
of cotton. Although the Thurberia weevil really attacks cotton 
and develops two or more generations a year, it does not become 
abundant enough to cause serious damage to cotton grown under 
irrigation. The habit of the adults’ remaining wiaiin the pupal 
cells until emergence is stimulated by moisture has become so thor¬ 
oughly fixed that it was not changed by experimentally maintaining 
Thurberia weevil on cotton for 10 years, and at the end of the ex¬ 
periment an irrigation of the field for planting cotton caused all 
the adults to emerge and perish before squares became available for 
food, CarefuUy controlled biological tests have shown that the 
Thurberia weevil will interiireed with the boll weevil, and it is 
feared that if it should become established where the boll wwvil 
occurs, a more vigorous hybrid strain of cotton-feeding weeril might 
remit’ The natural climatic barriers have prevented the boll weevil 
from moving westward and a quarantine requiring treatment o£ cot¬ 
ton moved from the Thurberia weevil area has maintained tlie gap 
between the two insects. 

coltdral iuhthods 

Changes in cultural methods that hasten early maturity of the 
crop were developed and adapted rapidly after esUblishment of 
the boll weevil in south Texas, One of the recommendations of the 
first entomologist to investigate the boU weevil-the early destroy 
tion of ihe cotton stalks-has been proved by later resoan^b to be 
biologicallv sound. Early foil destruction of the stalks rernf^cs the 
food from' weevils, stops the late season breeding and build-up in 
numbers, and causes the adults already present to enter hiheruDjion 
in a semistarved condition that increases the winter mortality. That 
the earlier the stalltB are cut the more effective this method of control 
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has been proviK] by piscmg weevils id hibernation cages at different 
dates to simulate depriving them of food under Seld conditions. In 
a long series of experiments at Tallulah, La., no survival occurred 
when weevils were installed in cagies during the first week in Sep¬ 
tember, while the highest survival ^3.55 to 3,02 percent) was from 
installations during tlie last half of October and first half of Novem¬ 
ber, the period when the frost normally kills cotton and weevils 
enter hibernation under natural conditions (U. S, Dep. Agr. Techn. 
Bull. 486). 

Numerous agronomic practices, sueh as thorough preparation of the 
seed bed, the use of coraniercial fertilisers, early planting, frequent and 
thorough cultivation, that stiniulate rapid growth and maturity are of 
great value in evading damage. Perhaps no recommendation aroused 
more controveray than early planting, because many people believed 
that late planting would pemiit the overwintered weevils to emerge 
from hibernation and die before squares became available for food, 
Numerous experiments and actual farm experience have definitely 
proved the fallacy of this reasoning, and planting as early as the 
danger of frost has passed is now almost universally practiced. An 
outstanding contribution by agl^annInists was the discovery that delay¬ 
ing thinning until the plants were several inches tall and leaving the 
plants thick in the drill suppressed tlie fomiation of vegetative 
branches and stimulated early fruiting. These modifications in cul¬ 
tural practices and changes to new varieties have changed the early 
fields of from 5,000 to 6,000 Inige, heavily branched cotton plants per 
acre that fruited until late in the season to 10,000 to 15,000 smaller 
and more upright plants that produce fewer bolls per plant but more 
bolls per acre in a much shorter time, hfony of these improvements 
iu cultural methods and increase iu yield would have cxxmrred in the 
normal course of events, but the aid given cotton growers in fighting 
the boll weevil has done much to overcome the traditional slowness of 
(he South in adopting changes. 

EFFECT OP BOLL WEEVILS ON COTTON VARIETIES 

The types and varieties of cotton gro^vn in the boll-weevil infested 
ureas have undergone material changes which have aided more in 
rerluciiig weevil damage than is generally realised. The first changes 
in varieties to meet weevil conditions increased the produclaon of short- 
staple, inferior cotton which became difficult to market. This surplus 
of low-grade cotton still plagues the industry, and the lack of markets 
has stimulated the development of improved varieties nith better 
staple. Cotton is a perennial but has grown under cultivation for 
centuries as an annual. The plant has the piNuliar habit of producing 
squares and bolls in Huccessive zones, as the fruiting branches form on 
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tho main stem and vegetative branches. Fruiting of wild cotton nor¬ 
mally continues during the rainy season and throughout the growing 
season on cultivated cotton so that bolls are present in various stages 
of devdopment from those nowly formed to those reaching maturity 
in 45 to <50 days. Cotton is also very prolific in fruiting and normally 
produces about three times as many sq^uarcs as the plant can support. 
If adverse conditions^ such as boll-weevil damage, cavise excessive 
shedding and prevent the setting of a normal crop of bolls, plants 
persist in their efforts to produce the seed-bearing bolls until killed by 
frost and thus provide food for the hoU weevil over a longer period. 
Prior to the advent of the boll weevil there was sufficient time in the 
southern part of the belt to permit tlio cotton plant to grow large in 
size and mature bolls on the later branches. It soon become evident 
that late bolb were totally ruined, and producing a crop became a race 
against the boU weevil. The bettor varieties of medium- and long- 
staple cotton grown at the time of the weevil invasion were large, 
vigorous-growing productive plants but late iii maturity, and these 
were rapidly replaced by the short-staple varieties of inferior quality 
grown in the shorter seasons in the northern part of the belt that 
offered the one advantoge of early maturity. Many of the famoim old 
varieties passed out of existence and many of tho so-cailed varieties 
that were brought in were sold under a multitude of names and added 
to the confusion. 

Tire 131 cotton varieties listed as grown in the United States in ISOS 
(U. S. Dop. Agr.^ Office of Eip, Stat. Bull. 33) increased to 608 so- 
called varieties in 1010 (U, S. Ucp. Bur. Plant Ind. Bull. 1S3) 
and in addition somo 35 other varieties hud come and gone in the 14 
years. According to C. B. Doyle, of the Bureau of Plant Industry, 
Soils, and Agricultural Engiticering (unpubliahed manuscript), only 
10 of thfl 008 varieties listed in 1010 were eitemfively cultivated in 
1042, and many of the 700 newer varieties appearing since 1010 are 
no longer being grown. 

A desirable variety oi cotton for growing under boU-weevtl condi¬ 
tions should be early maturing, of determinate growth that sets and 
matures its crop quickly with little or no late fruiting, protlucriye, 
and with high-quality, uniform lint. Combining these characteristics 
is difficult, but geneticists have aided in evading weevil damage by 
developing varieties that set a full crop and mature the bolls m a much 
sliorter period than those formerly grown, A fairly large nurnher of 
varieties will always be needed to produce the various types of Imt 
required for tho numerous needs which cotton fulfills ^d tliat are 
adapted to the diversified climatic and soil conditions of the 10 cotton- 
producing States. Varietie.s are becoming better and fewer m num¬ 
ber, and in 1042 over 6 million acres, or about one-third of the total 
acreage, was planted to 64 varieties in onc-variety communities. 
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In discassing the progress made in developing improved varieties 
after the coming of the boU weevil, Ware states in the 1936 United 
States Department of Agriculture Yearbook, 

CoosIdGrablc Impetm w&b stTvCl to tfOCtoc alwnt ibis time, largely tbroogli 

the diMVCJT that rnunj of iho earlj-momrin^ Mtlons wore of infertop ijualltj 
and that thcLr prodoetlon was In tb* joss of special marlcelB which bod 

been aahig the better ccttatis of prc^holl weevH da^s for oiaii^ jeara. . . . The 
latest tmprOTcmeiit has taken place In the medium staples, Wi^ to 115® litehes, 
indiislTe. In 1923^, only 30 percent (of the United States crop) waa of thcee 
]eQ|;ths» whereas In 1035 thia had Snercasod to CO percent of the crop. On the 
whole there hoa been an increase tn tho H?etoge staple length of the entire crop 
of npproxLliia tel j ^ Inch. 

The time required for setting and maturing a crop of boils baa been 
ao shortened that H ia approaching the practical limitations to which 
it can be carried^ and rpore attention is now being given to varieta] 
resistance to bo] I-weevil altach. None of the mimeixpiis species, varie¬ 
ties, or strains of cotton has been found inamime to boll wKvils. At¬ 
tempts have been made at various times to discover a resistant cotton 
in the native home of tJie boll weevil^ and studies have been made, of 
some of tile cliaraeters wliioh contribute to rosistance, but this impor¬ 
tant problem has not received the attention it dcserveai Among other 
plant characters that have been studied in their relation to weevil 
damage are the shedding of the infested squares and stnell bolls, 
proliferation, pilosity, thickness of boll walls, and toughness of carpel 
lining. The mortality of immature weevils in shed forms is consid- 
erably higher than in tliose hanging on the plant owing to exposure 
to higher tcmi?eratnrcs and attack by ants and other predaiots on the 
soil surface. Tlie effectiveness of heat in killing the grubs ig greatly 
reduced by shading of the plants late in the season or by abundant 
moisture, but the mortality often reaches 50 percent after 3 or 4 days’ 
exposure to 95® F. or above. Small plants with few latei^ branches 
and “open’’^ foliage afford le^ shade and are desirable characteristit^ 
of some varieti^ Proliferation^ or the development of numerons ele* 
mentaiy cells in the square and boll, was observed as early as 1903 
(U. S- Dep, Agr., Bur. Ent. Bull 59) to kill from 10 to 15 percent of 
the developing weevil forms by mechanical ernshing, but it seems to 
be present to about the same extent in all upland varieties. Pilosity 
of stalks and leaves varies greatly among varieties from almost gla¬ 
brous sea island varieties to 300 to 400 hairs per square centimeter tn 
some upland cottons but has not been found to hinder the movement 
of adult weevils over the plant as previously supposed. However^ 
pilose leaves cause better adherence of calcium arsenate, especially 
when applied to dry cotton, and thus indirectly aids weevil control to 
some citent. The thickness of the boll walls and tonghne^ of the 
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carpel liaing offer sotod reastance to weeTil puncture, but no varieties 
have been found with bolls that weevils cannot pierce. 

DEViajOPMENT OP INSBGTlOlOAL OONTiiOL 

The insecticides and methods of application pvailable to eiitoinolo- 
gists 5(1 veers ago were very limited. Most of the insecticides tlien in 
use wore applied as sprays with crude machinery and gsvc xioor or no 
weevil control. Early tests showed that paris green, which had re¬ 
cently come into use, killed some of tlie adults, but the control was 
not euflicient to outterially increase yields. Lead arsenate in paste 
form was later found to kill some of the weevils but could be applied 
only as a spray, which was not very practicable for cotton. Various 
other materials were likewise found of little value, and for SIO years 
the search for an effective insecticide for tlie boD weevil was unsuc- 
ce^uL In IflOS Wilmon Newell, entomolopst of the Louisiana Crop 
Commission, stimulated new interest, in insecticidal control by intro¬ 
ducing lead arsenate in powder form for dusting cotton for boll-weevil 
controL This dust gave better weevil control than any material pre¬ 
viously tested, but the results were erratic and it was never exten¬ 
sively used. However, his work was responsible for the development 
and later extensive use of insecticides in dust form for many insects. 
The next important step in insecticidal control of weevils came in 
1916, when B. R. Coed, of the Bureau of Entomology, found that 
keeping the cotton plants thoroughly covered with an arsenical dust 
throughout the growing season would kill adult weevils and that 
calcium arsenate was the most effective of the many materials tested. 
Calcium arsenate was then a new material that had been tc^ed in a 
Ibnited way for fruit and shade-tree insects but was not available in 
commcrdal quantities. Extensive experiments were started to im¬ 
prove its chemical and physical properties and meth^ of application 
for weevil control. In the 1917 experiments tlie increase in yiel^ 
from fields dusted with colcium arsenate were so outstanding that in 
1018, 35,000 acres of cotton were dusted under Bureau of Entomology 
supervision. Specificatiotis were developed and manufacturers were 
aided in making calcium arsenate to meet the rapidly increasing de¬ 
mands. Much of the early calcium arsenate was of pf>or dusting 
quality and caused serious burning of the plants, and much effort was 
expended by the Bureau and State experiment stations during the fol¬ 
lowing years in overcoming these defects. Grower response was imme¬ 
diate, and over Z million pounds of calcium arsenate were used for 
weevil control in 1919,10 million pounds in 1920, and 60 to 70 million 
pounds have been manufactured annually during recent years. 
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Entomolog^ists were stationed at strategic points in the weevil- 
infested areas to conduct demonstrations in coapenition with State 
and Federal extension ivorkers to teach growers the principles of 
weevil control* ^llie discovery of the effectiveness of calcium arsenate 
against the weevil caiue shortly after World War I, when the weevil 
had spread over most of the belt, damage was ut its maximunij and 
cotton was selling at a high price. The immediate problem was not 
to interest growers in using calcium arsenate but in using it correctly. 

Since the boU-iveeviJ grubs feed entirely within the squares^ and bolls 
and cannot be reached by poisons, control is dii'ected against the adulta. 
They too feed externally only slightly, and it is more diflicult for them 
to obtain a leilial dose than tlie foliage-feeding insects. Adults sup¬ 
plied with water were found to live longer than tliuse without water, 
and it was assumed at first that adults were killed mnirely by drinMng 
poisoned water* L^ater studies showed tliat weevib could ba killed by 
crawling over dry surfaces dusted with calcium arsenate because tiiey 
continually touch the tips of tJioir snouts to the surface and suflicient 
quantities of the tiny dust particles adhere to the moist mandibles to 
causa death. Ordinary sprays are deposited in larger particles which 
adhere more do&ely tlian duste and liave never given as good controL 
'The method by w'liich wcevik obtain a letluU dose of poison and the 
fruiting habits of the cotton plant indicate that the entire plant musr 
be kept thoroughly covered with calcium ansenate dust. As cotton 
prCKluce$ more blooms than the plant can carry to maturitys it is not 
necessary to begin dusting until the weovilg cause more shedding thau 
would uormally occur. The danger point, when dusting should begin, 
was first placed at 10 to 15 percent of the squares punctured for feed¬ 
ing or oviposition but later mbed to 20 to 25 percent for cotton growing 
in fertile soil. The infestation usually varies from field to field, but 
the punctured squares are easily seen, and counting lOO or more squares 
pec field at frequent intervals providos a reliable index of weevil 
abundance and the need for coutroL From 4 to b applications of 
5 to 8 pounds of calcium arsenate dust per acre at 5-day intervals ore 
usually Euflicieul to faring the weevils under control and produce a full 
crop, though one or more later applicationa for bull protection may be 
needed when infesiationg arc heavy. At first it was thought neees- 
eary to dust ivitli caleium arsenate when the plants were wet with dew^, 
but later ex|>erimeiits showing that effective upplications may be made 
at any tinic of day w hen the air is calm have reduced the drudgeiy of 
night dusimg, JIany other impruveuiciits and adaptations to varying 
local conditions have been gained from continued experiruenUtion, 
but the basic principle of keeping the plant tbotouglily covereii during 
the critical fruiting period or until the w^cevils aits brought under 
control remains unchanged. The improved varietica of determinate 
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growth llmt $et a crop of bolls in a shorter jwriod hav~o Iielped reduce 
the time that protection is needed. Cakiuin arsenate does not kiU all 
the weevils on the plant^^ nor is tlaat netesiary; it only affords sufficient 
protection to maintain a favorable balance between the production and 
shedding of squoree so Uiat a iionnal crop can be produced. 

Another method of application of calcium arsenate that ha$ been 
used in the Southeastern States ia to smear the uppicr leaves of tlie small 
plants before squares are formed with a miittuj'ti of calcium arsenate^ 
molasses, and water by means of a homemade rag mop^ or ^^mopping'^ 
as it is calledp The presquare applietiouB of feweetened poison kill 
some of the overwintered weevils but llie weakness of this method is 
that a large percentnge of the early emerging weevils die naturally 
befm^ squares are available for food and approximately one-tliird of 
the total weevils olwaya eninge from hibernation after squares are 
large enough for ovipo^ition and the molasses mist 01*6 is no longer 
effective. A largo series of experiments at many localities lias shown 
that sufficient weevils emerge late enough to cause serious loss when 
oDUditions are favorable for weevil multiplication and tliat pi'esquare 
applications alone cannot be depended upon for control. 

Continued search for new' insecticides luts shown that, cskium ar¬ 
senate is still the most effective of the hundreds of materials tested 
agaiMt the boll weevil, inchidiiig the recently discovered and much 
publicized DDT. It has a number of dbadvantugea as well as ad 
vantages. It is the clieapest of all the arsetiical insocticides, baa good 
dusUng quail tiesj and the commercjid calcium arsenate now available 
seldom injures the cotton plants. However, it doescauso injury to the 
germination and growlh of some crops, particularly legumes^ on cer¬ 
tain light, sandy soils of the Southeastern States when used in large 
dosages or over a lieriod of years for boll-weevil control. It also de¬ 
stroys the natural cnemi^ and causes tin increu^ of the cotton aphid 
following several applications for control of other insects. In sunn* 
eases the losses caused by the bujId-up of aphids Largely offset the 
gains from weevil control, though iit recent years it has been found 
practicable to overcome this by addh^g nicotine or derris to the calcium 
arsenate dust* The proper use of calcium araenate for weevil con¬ 
trol often means the difference between a profit and a loss in cotton 
productioni Field plots at TaUnloh dusted with calcium arsenate for 
weevil control annually during tlie past 25 years averaged 300 poimds 
of seed cotton per acre, or 30 percent increase in yield, and at Florence, 
S. C., the IS-year average gains have been 283 ^unds. Similar results 
have been obtained at numerous other locabties, with gains of from 
one-half to a bale of cotton per acre not uncommon where hs^rj weevil 
mieatulioii occur on cotton growing on productive soil. It is generally 
not economical to spend from $3 to $5 per acre per season for weevil eon- 
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trol on cotton haring a potential yield of less than one-thini bale per 
acre if no weevils were present or where the expected gains are leas 
than 100 pounds of seed cotton per acre, Unfortunatdy there is a 
large acreage of cotton in this category, though the restriction on 
acreages during recent years has tended to reduce the use of low- 
prf>duct]on land for cotton. 

While no exact data are available on the amount of calcium ar- 
senate used for weevil control, a large proportion of the calciiun 
arsenato manufactured is used on cotton, and it is estimated that the 
2 million acres or more dusted annually for boU'Wecvil control in¬ 
creases tlie growers' proiit by many times the total of $3,500,000 spent 
by tlie United States Department of Agriculture on boll-weevil re¬ 
search since the work was started in 1304, Despite the benefits derived 
from the use of calcium arsenate, it is not the perfect insecticide for 
boll-weevil control. An inexpensive material is needed that is more 
toxic as a stomach poison or that will kill boll weevils by comact und 
not cause an increase in nphiihf or injury to soil. 

DEylaM>PlII3^'T or DUSTINO tLACHlNERV 

Coincident with the rapid expansion in the use of calcium arsenate, 
it was necessary to develop methods of application. No suitable dust¬ 
ing machines were available, and nssistanca was given manufacturers 
in improving the eflSciency of the existing models and testing new 
models at the Tallulah laboratory. The possibility of using airplunca 
for cotton-insect control was suggested by the work of the Ohio 
Experiment Station in distributing lead arsenate against the catalpa 
sphinx in 1921. The first airplane tests against cotton insects were 
made in the fall of 1922 through the cooperation of the Air Service of 
the United States Army in furnishing planes and personnel (Dep. 
Agr, Bull, 1204). In the first flights calcium arsenate was dropp^l by 
hand from the plans for cotitrol of the cotton lenfworm, but it soon 
became evident that it would be necessary to develop methods of dis¬ 
tributing insecticides evenly and fit controlled rate.<(. Besearch by the 
Bureau of Entomology in cooperation with the then Bureau of Agri¬ 
cultural Engineering during tlie next few years developed specifica¬ 
tions for hoppers and distributing apparatus that would effectively 
du*'!t a 60- to 75-foot swath for weevil control (pi. 4, figs. 1 and 2). The 
use of airplanes for weevil control and later for other cotton insects 
rapidly expanded and soon became an important factor on the larger 
plantations. Dusting by airplanes is more rapid than from the ground, 
as one plane tan cover from 750 to 1,000 acres a day, an important 
factor when it is too wet to use ground machinery or when large 
acrea^ are to bo revered quickly. Most of the airplane dusting is 
done by coaimereial operators by contract per pound of insecticide or 
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per aero dusted. The cost usually ranges from 05 to 75 cents par 
acie-application and compoies very favorably with ground applica¬ 
tions. At present a iiiunbcr of commercial companios maintain an 
estimated 200 planes equipiied for crop du-sting at the instant call of 
growere, and some of tbo Inrgercommercial dusters have entoinologiata 
ivitlt each dusting unit who make infestation records and advise 
growers when to dust. The us© of airplanes for boll-weevil control 
was the basis for the later developments and use for control of mos¬ 
quitoes and of various insects attacking commercial vegetable crops, 
orcliards, ajid forests, as well as for spreading gra^hopiier po^n 
bait-, seeding tic© and coi’Or crops, application of fertilizers, chemical 
defoliation of cotton, and other agricultural uses. A more recent 
development is the use of concentrated sprays whereby 1 to 3 gallons 
of concentrote can he finely atomized from n plan© to cover an acre 
of forest or crop land. Airplane spraying has been successfully used 
in freeing large areas of disease-carrying mosquitoes and other insects 
and for forest- and crop-pest control. Application of insecticides by 
airplanes is spectacular but at the same time entirely practical, eco- 
noDiical, effective, and Ui© most convenient method ever devised for 
treating large acreages. 

For the smaller growers the entomologists and engineers have 
worked with manufacturers in developing ground machinery of 
various typos, prices, and capacities for dusting any size acreage at 
4- or 6-day intervals (pi- 8). The rotary-type hand gun (pi. 6, 
fig. 1) will take care of the dusting of 8 acres of cotton j the saddle 
gun, 40 to 50 acres; the two-nozzle traction machine (pi. 5, fig. 2), 
40 to 60 acres; the four-nozzle traction power cart machine, 76 to 160 
acres; the power-operated multiple nozzle cart machine (pi, 6, fig. 2), 
200 to 300 acres; and the tractor-operated machines with five to eight 
nozzles (pi. 7>, stUl larger acreages (U. S. Dep. Agr. Farmers’ Bull. 

n2»). 

LOSSES CAUSED WEEVfLS 

As is usual with insects introduced into a new environment, the losses 
caused by the bolt weevil were more severe during the first yeans while 
ihe insects were becoming stabilized and control measures developed. 
Estimates of the damage have been made by the Bureau of Agricul¬ 
tural Economics each year since ISOO, based on the reports of thou¬ 
sands of volunteer farmer crop reporters and are probably the moat 
accurate records available for any insect. The loeses show a general 
increase as the weevil spread across the Cotton Belt, reaching a maii- 
mum of over SO-percent reduction from full yield for the United States 
in 1921 (%. 2). Since that time the cyclic peaks of the damage curve 
have been lower and the genera) trend! has been downward, especially 
in recent years. However, in spite of the progress that has been made 


288 AKNTTAL REPDfn* SMITHSONIAN IKTSTITUTION, 1&45 

in control, the boll weevil is still taking an enonnous toll of nboat one 
bale of every seven produced. This atimial loss of over a million and 
a half bales of cotton, togeiher with the seed, is valued at some 
$200,000,000 at average farm prices. Since tlie boll weevil causes 
more damage in the United States than in any other country, the 
American grower is at a disadvantage in n highly competitive world 
market. It b not feasible of course to prevent all tliia loss to a 
low-value-per-acre crop like cotton, but it is estimated that more than 
half of the lo^s now' caused by the weevil con be economically pre¬ 
vented by the more general use of control measures. 



PiGL'sc 2.—BnU-weedl ilRiunge lIKX^ltM5. Periient rednctlon from fa]t yields 
as repnrted Itr crop correspondents. 

The weevil damage is moat severe in southern and eastern Texas, 
I^uisiana, and the central parts of Mississippi, Alabama, and Georgia 
where the winters are comparatively mild, the rainfall abundant, and 
there are large areas of favorable hibenmtion quarters. The winters 
in tlie northern part of tlie belt usually kill sufficient hibernating 
weevib to hold tlie damage down, so that little insecticidal control is 
needed. Part of the extreme southern areas where the soils are of 
low production capacity bavc found it more profitable to change to 
other crops th a n to compete wi th the bol I vpeovil. The pra.sent acreage 
planted to cotton in Florida is less than 10 percent of the pre-boli- 
weevil acreage. Sea bland cotton is the finest quality of cotton and 
was a profitable indiKtrj' in Florida and the coastal plains of Georgia 
and South Carolina before the bolt-weevil invasion. It fruits over a 
long period, the bolb are soft, and subject to weevil attack until they 
open. Production has practically ceased, owing largely to weevil 
damage. W^cevil damage is partly reapousible for the expansion of 
cotton production in west Texas and Oklahoma, where (he hot, arid 
climate prevents the weevil from becoming abundant, and in the irri¬ 
gated sections of New Mexico, Arizona, and California, where the boll 
weevil has never l^pie totablbhed. There b evidence that the boll 
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weovU is becoming better acclimated to adverse climatic conditio^, 
though the eitent to which this occurs is obscured by animal rein- 
fostat ion of the border areas by migrating weevils. 

FACTORS INFLUENCING WilliVIL DAMAGES AND USE OF CALCIUM 

AliSUNATE 

The ^Jx^at TrtriEitioti in dauinge iix^tn year to year and from DJ^ion 
to region depends largely on the numlior of weovib; eiitoriug hibev- 
nntion in tlie fail the winter snrriiral and weather conditi<ms dur¬ 
ing the growing Bcasons. Fortnnntely n large j^ercentage of tlie 
weevils fails to sun'ive the winter, for with aurh a high rate of 
repi'oductiou it would bo unprolitable to raise cotton in much of 
the infested area^ Sncrival in cages (p!e 9, fig, 1) simulating natural 
conditions seldom exceeds 10 to 15 percent under most favorable con¬ 
ditions; the 15-year average at Tallulah, La^ii was only li22 per¬ 
cent in an area where weevil damage is high. Spring emergence from 
hibenialion begins when the daily mean temperatiire reaches about 
60® Rj or about the same time cotton begins growth, and cemtinuesj 
for £ or 3 monthfl, so that some of the weevils are certain to find 
squares available for oviposition. Hot^ dry weather during the sum¬ 
mer kills large Tunnbers of weevil larvae and pupae^ while cool wet 
weather during June, flul>% and August is favorable for multipli¬ 
cation so that a heavy survival docs not ncccasarily result in heavy 
damage^ or vice versii. Nevertheless information on the relalivo 
number of weevils surviving the winter from year to year helps 
growers in planning control and manufacturers in supplying the 
insecticides that may be needed» Information on the numbers enter¬ 
ing hibernation is obtained by fall examinations of trash and Spanish 
moss from woods adjacent to cotton fields, and on the survival by 
spring examinot iongt in the game vieiniti^. This luformation^ is 
supplemented by determining survival of weevils in hibemation 
cages in different sections of the Cotton T3elt and the overwintered 
ifVeevils that appear on small plants in the spring* Dm'ing the war 
growers And others have also been furnished current weekly mfor- 
mation on the seasonal weevil infestation obtained by a survey of 
insect abundance conducted cooperatively by State and Federal 
agencies, 

Alany of the more successful growers calcium arsenate as a 
regidur part of cotton production, but much educational work is 
needed in acquainting more gi^owerii with the value of weevil con¬ 
trol and when and how to apply insecticides most effectively. Nearly 
half of the total cotton b produced by small growers who average 
Loss than 10 hales per farm. They often look the ncoessary financ^ 
for dusting machinery and insecticides* The variation in weevil 
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diUQAge from year to year always arouses the hope that this will 
be a light weeri) year and a crop can be made without dustiog. 
Other growers bat's used calcium arsenate improperly or used It 
when not needed and failed to make a profits Also before tlie acre- 
age-adjustment program was Inaugurated it was a common practice 
to plant extra acres of cotton for the boil weevil and to harreat 
what the weevils left. The use of calcium arsenate also mcreeses 
with the price of cotton. In 1931, when farmers received about 6 
cents par pound for cotton, tire production of calcium arsenate in 
the United States was 26 million pounds, while in when cot¬ 
ton sold for about ID cents per pound, the production of calcium 
arsenate increased to 68 million pounds. The average yield for the 
United States was 211 pounds of lint per acre ui 1931 OJid 272 pounds 
of lint per acre in 1942. 

The cotton-insect survey conducted during the post 3 years fur¬ 
nished the most complete picture of current weevil conditions that 
has ever been obtained. About 25,000 infestation records were ob¬ 
tained each season through the cooperation of volunteer farmer crop 
reporters, 4r-H Club members, vocational agriculture teachers and 
students, county agents, Federal and State entomologists, and others. 
This information was tabulated and inteipreted by experienced en¬ 
tomologists at weekly intervals as an aid to State and extension 
entomologists in advising growers of the need for weevil control and 
industry in distributing ineectiddes to tlie areas where most needed. 
Besides furnishing information on the current need for weevil con¬ 
trol at the time when damage could l>e prevented, the survey was 
of permanent educational value in teaching farmers and future 
farmers to recognize damage and tlie value of control. The 4-11 
ClnlH have added insect reporting to their list of projects for which 
credit and certificates are aw'arded to participating members. 

HECENT TRENUS IN WEEVIL OONTHOL 

After 50 years of boll-weevil damage, cotton continues to be the most 
important cash crop in the South and is the most important source of 
income for 1% million farm families and hundreds of Ihoimnds of 
others employed in the ginning, marketing, manufacturing, and dis¬ 
tribution of cotton and cotton products. The American cottou indus- 
tiy is now facing serious competition from increasing production of 
foreign cotton and increased use of synthetic fibera. It is genera IIv rec- 
ognizerl that the future depends on decreasing the cost of production 
and improving the quality of cotton. Both of these objectives can be 
aided by better insect control (pi, 9, fig. S; pi. lo, %. i) and the State 
and Federal programs are being reorganized to emphasize insect and 
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disease control as one of the major needs in the more economical pro* 

duct ion of cottoi>+ 

Tlie importance of early fall destruction of cotton stalks in reducing 
the fall build-up of weevils has been recognized but not as generally 
used as it should be because of the difiiculties in getting cotton picked 
before frost. The recent development of chemical defoliation of cotton 
pimvts may overcome this obstacle and have far-reachingetfects on boll- 
weevil control. Dusting with 20 to 30 pounds of calcium cyanamide 
per acre causes the leaves, eqnaresj and small bolls to wither and fall 
from the plants (pi. 10, fig. 2) and tlie large bolls to open normally 
within 3 or 4 days just as a frost docs. The removal of the leaves re¬ 
duces tlie trash adhering to the lint, improves mechanically harvested 
cotton by a full grade, increases the amount that can be picked by hand 
or mechanically, and permits the harvesting of the entire crop at one 
operation inslead of the two or three pickings formerly re<iuir^ to 
avoid weather damage to lint. Picking by hand represents onc-tliird of 
the cost of cotton production, and chemical defoliation removes one of 
the greatest diflieulties in the development and successful use of ma- 
chnnical cotton pickers. Calcium cyanamide is a nitrogenous fertilizer 
and is beneficial to the soil. Its use as s chemical defoliant expanded 
rapidly during the wartime labor shortage and has already swept 
across the belt from South Carolina to California, The favorable 
response to chemical defoliants has started research for otlier mate¬ 
rials to meet the increasing dcitumd. 

The numerous inquiries from returning World W ar H pilots indi¬ 
cate a great expansion in the use of airplanes for pest control. In 
the past the planes used for dusting have been converted small pas¬ 
senger models, hut with the recent advances in aeronautical engineer¬ 
ing, sxieciallj designed aircraft with grc.ater carrying capacity, ma¬ 
neuverability, safely and other features better adapted for pest con¬ 
trol than those now in use may be expected. Improvements in groimd 
equipment such as the recent trector-attachment dusters are keeping 
pace with the increased trend of mechanization of cotton culture and 
reducing the (?ost of equipment and labor for weevil control- The new 
methods of applying insecticides in the form of liquefied gas or thermal 
aerosfils and concentrated sprays are additional weapons for testing 
against the boll weevil. 

The recent progress in developing many new materials for insect 
control has stimulated renewed research for a better insecticide than 
calcium arsenate for the boll wecinl. DDT is not the answer for the 
boll weevil, but if further experimentation confirms the proliminiiry 
results, some of the new syntlietic insecticides such as benzene hexa- 
cliloHde may be the beginning of a new era in bill-weevil control. 
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Of all the insects m tl^e woild i>ix>bably no one species Sb more widely 
distributed than the honeybee. Its habitat ranges from Alaska to 
the Tropics. It is found in all intervening places in that great strttcli 
of lilJtude—in the mountainst in the sulEry valleys iielow sea level, 
in tlie desertSj plains, hi fact wherever flowering plants occur- Honey¬ 
bees are not indigenous to all continents of the worldj but they have 
become introduced and established essentinliy in nil parts cx?cupied 
by nian. 

If tlie statement seems too strong that the honeybee is more widely 
distributed than any other of our coimnon inscctSi it can be said con- 
Bcrvativety that the product of the bee is the most widely produced of 
man’s food. Even such common footls as wheat and milk are not so 
universally known. 

Honeyheca were busily engaged in making honey and beeswax before 
the advent of man. Hcjiiej^ and wux of the bee were w'aiting in reivdi- 
nei® for our eaiiiest ancestors at the beginning of their evolutionary 
climb. In time they learned of die aweettiess of honey and that wax 
could be employed for many purposes. For centuries honey was tlie 
only sweetj and it atid beeswax were regarded so highly by the ancients 
tliBi they WOT© into their religious ceremonies in one w*ay or another 
frequent references to honey, wax, and be^ Symbols rejircsenting 
various phases of bee husbandry are found in the enrliest recorded 
histories, Man throughout bis existence has been closely associated 
with Um honeybee. 

Honey and hetrswax were used in the payment of taxes and as 
indemnity. Conquered tribes and peoples t>aid reparations in 
the fomi of honey and wax. To the present day beeswax plays an 
important part in the rites of the church. A beehive forms the 
rentral motive of the great seal of the State of Utah, 

29a 
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In spite of tliia dose ussodatioo, which goes back untold centuries, 
the honeybee has not acquieBced to man's influence in tlie same manner 
os have the domestic animals of our present day. In tmthfulnesss it 
can be said that there are no domesticated honeybees. The life and 
the habits of the honeybee are the same today as wlien man first dis¬ 
covered that tlie product of these well-armed insects was worth risking 
life and limb. The social life of the bee with its complex division of 
labor and its various sciual forms have largeJv defied all effort to 
change its nature better to adapt it to man's use' The free nature of 
the bee and its insistenoe on mating in the wide open spaces have 
been the diief stmuhling blocks in efforts to improve or to dom^ticate 
the honeybee, Tiie sexual development and the mating habits of bees 
are so different from that of Uie domestic animals that essentially 
nothing has been done through selection and breeding to improve tlio 
honeybee. As an illustration of tliis difference the male bees, the 
drones, are produced parthenogeiietically; that is, the drone h4 no 
father but he con boast of a gmndfatber. Queens can give birth to 
male bees without mating and, even when they are mated, the mating 
has no effect on the male offspring. 

Research workers have delved into the early records of man and 
written volumes on the antiquity of beekeeping; but, since the intent 
of this article is to acquaint readers with some facts of man’s current 
dependence on bees and how they are handled, it will be necessary to 
leave the romantic past in favor of tiie equally remajitic true story 
of today. 

There is more to ^keeping than meets tlie eye. To the avera*^ 
person it has to do with the production of honey and beeswax, Otlier 
than those who have had actual experience In keeping bees, most per¬ 
sons have little conception of how tliey can be handled and made to 
work for tlieir owners. There is little mystery about the production 
of most of our common foods. Thera is no mystery about the source 
of milk, butter, and eggs, and the production of fruits and vegetables 
and their route to the ultimate consumer are matters of everyday 
knowledge. On the other hand bow can bees—wild, undomesticated 
insects—ho directed to produce honey and beeswax t How are thea 
products token from the bees? Is it necessary to put honey through 
a manufacturing process before it is ready for consumption? 

There was a time when beekeeping was thought of simply in terms 
of honey produced, but times have changed. Beekeeping now has a 
much more important part to play. The value of bees as agents of 
cross-poll illation far outweighs the monetary value of the annual out- 
put of honey and beeswax 

BO much about pollination these days? Is it s 
new fad or fancy, or is there some basic reason for empliasiaing this 
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subject? Id grandiather^s. day and before his time this subject was 
seldom mentioned^ The land was rich; there was little soil erusion} 
and for the most part the production of farm crops was satisfactory. 
As demands for agricultural products mcreased, faituiJig operations 
enlargedj and with this came mtuiy new problems, one of which waa 
pollinatiom 

Ses plays as impoilant a i^art in the plant kingdom hs it does in the 
iininial kingdom, bat in a less obrious mannei'. Many plants contain 
both the male and the female elements on die same plant. This is true 
of all the grasses. Corn^ wheats barley, rye, oats, Kentucky bluegrass^ 
and other grasses all belong to the great grass family* Pollen from 
the male part of the plant must come in contact with tlie female ele¬ 
ment if seed is to resulL The com tassel hears the male element which 
is the source of millions of tiny pollen grains. Tlie Jong fine silks 
which protrude from the ends of un ear of com arc a part of the female 
element^ one silk being attached to each newly formed grain. For tliis 
to develop to full siaie it is essential that a grain of pollen come in con¬ 
tact with tlte end of each silk* When tlus happens, Uie pollen germi- 
nate^^ uJid aeiids a long tube down throughout the len^dh of the silk 
through which the male germ migrates and eventually unites w ith tha 
female cell. "Without tbk tmion the ear of coni would be abortive 
and produce only a misshapen naked cob. 

Because of the estraordinary number of pollen grains, it has been 
estimated that an acre of com will produce in the neighborhood of 
300 pounds of pollen* There is more than enough to go around, so 
that each strand of silk is assured its grain of pollen. Orass pollen 
is light in weight, easily blown about and carried by wind currents* 
All grasses are wind poUinated. 

Let us look at another kind of plant—one with a more conspicuous 
flower than is usually found in tlte grosses—an apple tree for o?iamp]e* 
Each apple blossom contains both the male and die female dement. 
For an apple to develop, a grain of pollen mu^ fall on the stigma of 
die flower. The apple, however, like many other flowering plants, 
will not produce fruit with its own pollen. Tlie blossom of a Jona¬ 
than apple mu^t receive jiollen from an entirely different variety of 
apple. This introduces an interesting compli^dou* Apple pollen 
is heavy and sticky; it cannot be carried by the wind. How then is 
pollen from one tree brought to another which may bo many yards 
away? TJjore is only one answer—through the medium of insects 
which live on nectar and pollen. 

The mode of repxx>duction j that is, seed or fniit formation, is slightly 
different from tlmt of the appla in plants belonging to the cnemnb^ 
f anil It* Plants such as watermelon, cantaloupe, pumpkin, and cu- 
cumberj instead of having both sexual elements ia the same blo^m, 
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contain two kinds of blooms; one is all female and the other is 
aD male. Here again pollen must be garrsed from the male flower to 
the female. Since pollen from tliese plants ia also stickj' and heaTjs 
tlie indispensable services of i^olHuating insects h apparent. 

There are still otJier i)*pes of plants in which a single plant pro- 
duce^ Only male flowers- while another plant of the same specie^ bears 
only female flowers. Tlie wild persimmon and holly aio good illtts- 
tiations of this tjT>e^ Since the wind cannot be depended upon to 
disperse the pollen adequatelvj insects again come into the picture. 

There are approximately 50 cultivated crops grown in the United 
States that require insect pollmatiom In addition to those already 
tnontioned]^ there are many other important plants—foe example, 
alfalfa, sweetclovet, red clover, alsike clover, wliite Dutch clover— 
which must have each tiny flower visited by an insect in order to 
produce seed and thus perpetuate tliemselve^K Pollinating ingocts are 
either essential or highly desirable in the pnxiuction of seeds of many 
vegetables, such as carrot, onion, cabbage, cauliflower, and Bru^ls 
sproutSj to name only a few. 

Insect pollination is a “must’’ In our presentniay agriculture, but 
why is it more important today than it was 30 or 40 years ago! 

There was a time in the history of agriculture, and not so many 
years ago either, when it was not uncommon Co hull G to 10 biisJiek of 
red clover or alfalfa seed per acre. It is only rai-ely that such produc- 
tion is experieiiced today—in fact, the average yield of both these 
cro^is for the United ^States is slightly under 1 bq^diol per acre. Yet 
alfalfa and red clover grow just as well and blossom as profusely as 
in bygone days. But why has seed production fallen so low? Could 
inadequate pollination he ojie of the contributing factors? 

There was at one time in this country an adequate poptdation of 
native insects to take care of all pollination needs. These ore insects 
that maintain themselves and raise their young largely on pollen and 
nectar. Their whole livelihood depends upon their flower-visiting 
habits* As farming operations expanded, the nesting sites of many 
of these insects were destroyed. T^ere the population of native in¬ 
sects could adequately pollinate a 10-acre field of clover or alfalfa, 
the same number of insects foU woefully short when the acreage 
iumped to several hundred acr«s. Since tnoet plants have blooming 
of short duration, it is only logical that the numbers of pol- 
linatiiig insects bo stepped up in proportion to the increase in acreage 
if awd yields are to be adequate and profitable. We have gone ahead 
increasing acr^ges manyfold but have made no effort to provide a 
proportionate increase in the number of pollinators. 

Many factors have contributed to the decline of native pollinating 
iDfiecte. The plowing and clean cultivation of largo tracts of land 
deprive these ineeefa, many of which build their neste m the ground, 
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of their natural uesdng Bail fences wliidi were so dijUicult to 

keep clean of vegetation afforded ideal place^s^ for tbe«e insects to nest. 
The pictijrcaf[ue rail fences have been replaced largely by well-kept 
wii^ fencesj thus driving the pollinating insects farther and farther 
away from tlie crops which the fanner can grow profitably only when 
the^ie insects are w^itJiin flying range of his fields. 

Forest and brush fires have further decimaicd our population of 
beneficial insects. The tremendous increase in the use of arsenicak ia 
taking a huge toll of native bees, as well as of honeybees^ whose 
essential help we are only now beginning to apprecime. 

The honey bee, the most numerous of nil pollinating insects^ is not 
native to tlie United Stntea. It was brouglit to this conn tty by the 
early settlers and became known to the Indians as the **white man^s 
IlyJ^ It ia now thoroughly at home in its new habitats Swarms that 
escape from commercial apiaries make their way very nicely in die 
[}rotection of a hollow tree or in the hollow pillars of our front porche% 
a pbcCf incidently, where they are not always welcome, 

Tho honeybee, being esclusively a flower-visiting insect^ docs its 
alia re in pohinat ion. It is estimated that honeybees are responsible 
for over BO percent of all pollination effected^ When sw'arms of bees 
escape and go to the woods they are subject to the same hazards as 
tlie native boos. Consequently their population in a wild or native 
state is not building up. This leave® the only stable source of pollinat¬ 
ing imsecta in the bands of beekeepers^ 

The decline lu seed mid fruit production is serious In those crops 
that require insect pollination. Utah at one time was our principal 
alfalfa-seed-producing Stale. In its best year^ 1&25, Utah produced 
close to 2^ million pounds of alfalfa seed. This figure has fallen 
steadily until the current annual production i® less than 4 million 
pounds Bed clover and other legumes are in the same plight- A 
good stand of red clover a^ we see it in almost any locality carries 
enough blossoms to produce 10 or 11 bushele of Eeai per acre. The 
average production for the country Ss 0+9 of n bushel. Pollination is 
inadequate to say the least. 

Pollinating insects have certain human rharacteriatic®. They will 
tiot fly farther for food than they have to and always select the richest 
and befit source. Sweetclover is a favorite food plant of honeyl>ecs 
and of most other pollinating iu^cta. It secretes an abundance of 
rich nectar. The flowers arc small and the bees can easily obtain 
nectar and pollen from them. In contrast, it is more diilicult for hoes 
la obtain pollen from the alfalfa blossom, and ordinarily it does not 
produce so much nectar as does sweet clover. When fields of the two 
plants are grown in tlm same locality, the bees will work on the sweet- 
clover in preference to the alfalfa. This preference is so conspicuoufl 
that for a given acreage there may he 1,000 bees on the sweetclovar 
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to 1 on the alfulfSi Unites such circumstances it is almost impos^bte 
to produce a crop of alfalfa seed, since every tiny blossom of alfalfa 
must be visited by an insect if seed is to result. 

Neither farmers nor agricultnral experts have paid much attention 
to how the growing of one crop in proximity to another affects the 
activities of pollinating insects. Sometimes the natural flora is more 
attractive to bees than are the cultivated crops. Under such circum- 
etances tlie farmer is bound to reap a thin harvest. 

Is tliere any remedy for this? More attention can be paid to the 
^uence in planting crops that compete for the visitation of pollinat¬ 
ing insects. Plant breeders could well afford to give consideration 
to breeding for factors that make plants more attractive to insects. 
Farmors can also leave protective nesting sites for the wild pollinating 
insects. They can keep bees of their own or, better still, eneourago 
beekeepers to establish permanent apiaries within flight range of tlieir 
fields. 

Bumblebees arc among the most efficient of all pollinating insects. 
With their long tongues, considerably longer than those of honeybees, 
they are especially valuable in the pollination of tod clover, which has 
a deep corolla from which honeyb^can obtain nectar only with diffi¬ 
culty. Bumblebees aro not so plentiful as they used to be. The use 
of insecticides and other forming practices threatens to extinguish 
those useful insects. It is still the favorite sport of all farm boja 
to fight bumblebeea and rob their nests of a few tlumblefuls of hard- 
earned honey. Why must the farmer continue to destroy one of his 
best allies—one who cun contribute so siguificantly to bumper crops 
of clover seed, fruit, and melons t 

By and large the most immediate remedy for inadequate pollination 
is through the intelligent use of honeybees. This ig the only pollinat- 
mg insect that can be moved fi-om place to place and instoliod in fields, 
when and wliere they ore needed. Unfortunately, most formers do 
not want hives of bees on their premises. Once in a while a farm 
anitnal or hired band is stnng or the owner himself may be the victim, 
with the con^uence that bees are ordered off the place. What a sad 
rtate of affairs it is that beekeepers actually have to pay rental to 
farmers for small out-of-the-way pieces of lond upon which to place 
their beehives. This is one reason why apiaries are not a common 
Bight as one drives tlirough the country. Tlie beekeeper has to place 
hig hives far from the farm buildings and from good roads. In sudr 
Ioanns the hives are subject to pilfering, and it ia costly for the 
weeper to manage them properly. If farmers understood the part 
tbat bees^play in more bountiful fruit crops, surely they would 
welcome beekeepers with open arms. That day must cornel 
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At the moment the important ngrJeultiirat Job of providing polU- 
nation, inadequate though it may is dependent on the matkct prioe 
of honey. Queer relationship indeed 1 In volume of husmess dona the 
production of honey cannot compare in importance with most briiuoliea 
of agriculture. Bijckeeping is vvidely scattered. Almost every county' 
numbers a few beekeepers. Because of the cost of transportation 
over so wide a territotyj it is dilbcult to conceatmte large quantities 
of honey for conmerciai distribution. The color^ ilavorj and con* 
sistency of honey vary depending upon where and from what it is 
produced. Buck^'beat honey of our Eastern States hn^ a strong flavor 
and is almost black; that from Breweed in the Pacific Northwest is 
water-white and mild in flavor. This great variation imposes a 
problem to food packers who like to maintain uniform and standard 
packs of whatever they merchandise. a coiij^equenco^ much of 
the honey is sold hy producers directly to local consumers. Not more 
than 2^ or 80 percent of the honey produced in the United States 
finds its way to large honey*packing planta. Another reason w hy 
commercial proce^rs of food may not he so interested in honey is 
that it requires little or no proces$ing. Honey can be made no belter 
than it is when it comes from the beehive^ For these and other reasons, 
this very delicious food is not adverLi^ed nationally. The price of 
honey is not abilmd or hacked by large Buondal corporations. The 
vagaries of the morket seem always £o itound the be^eeper, and on 
top of it all bis product hag to compete with highly advertissed mann* 
factured foods, such as fams^ jellies, ond sirups. Wliencver the price 
of honey falls, tliero is a lag in enthusiasm for hejekeeping and the 
number of colonies is reduced, Wliile this results in le^ honey per 
capita, perhaps not too serious a matter, what is more important is 
that fewer honeybees are available for pollination. Consequentiy, 
the production of many crops seenslngly far removed from beekeeping 
IB adversely affected. 

Growers of orchard fruitg have learned that bees are necessary for 
a full set of fruit, and many of them rent colonies from beekeepers 
to place in the orchard during blossoming. One would suppose that 
such an arrangement w os as beneficial to the beekeeper ns to the fruit 
grower, but this is not necessarily the case. Apple-blossom honey is 
almost unheard of. Colonies of honeybees shortly out of winter quar¬ 
ters arc not populous enough early m the spring to make honey from 
apple bIos£K>rns, Colonies have to he strong and populous before they 
can make more honey than the bcea require for their immediate needs. 
Fruit blossom ia good fur the bee^ to build up on, but they seldom if 
ever make honey from it, Ako many bee« are poisoned threjugh 
spraying operations and so more and more beekeepers are reluctant 
to move bees to the orchards even when paid for it. 
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As yet^ growers of such crops as onioD^ carrot, 4ind legume seed 
have not realized the necessity of indueing beekeepers to place colonies 
close to such fields. Beekeepers receive no compensation for the 
pollinating wort which their bees do. Tlie sale of honey, therefore, 
carries the whole burden of keeping bees available for poUinatiDu. 
The time is probably not far distant when wise men will see the neces¬ 
sity of stabilizing and improving the honey mai'ket or else work out 
an equitable means of compensating the beekeeper for bis contribution 
to crop production. 

With the realization that many branches of agriculture cannot sur¬ 
vive without the cooperation of a widely scattered and healthy bee¬ 
keeping industrymore and more persons are becoming iiUcri^tefl hi 
trying their hand wdth bees. A few words of advice may not be amiss. 

There is already a big br oilier hood of beekeepers. The v\aet num¬ 
ber of persons keeping bees in the United States is not known, but it 
is estimated to be in excess of 500,000^ Of those, probably less tiiau 
5,000 depend nn beekeeping as a principal means of livelihood Five 
hundred colonies are considered to constitute a full-time job, while 
tlie largest operators will manage up to 10,000 colonics. The other 
operators are smateurs, back-lot beekeepers, and many who are in 
beekeeping as a part^ime job, keeping from 50 to scveml hundred 
colonies. The p roduct ion fixmi tlie 5,465,000 colonies kept in the 
United States in 19<15 was in excess of 225 million pounds of honey. 

Almost every State has an active beekeepers^ association, and in 
many places the beekeeji^ji^ are organized on a county basi?. In addi¬ 
tion there are numerous bee elubs of one kind or another* A wide¬ 
awake group of city beekMpyr?j meets monthly in the heart of New 
York City. A beginner i^HIl find many kindred spirits and persona 
with whom to compare notes. 

To be ancceo^ful with bees one must like to work with them; capital 
IIlone is not sufiicient to injure a successful business. Partnerships 
in which one party furnishes the capital and the other the knowledge 
are raiely sruccessful in beekeeping. It is mostly a one-man business, 

A successful beekeeper is a person to be envied. At nil times he is 
his own boss. During the summer niontlis he works as hard as any¬ 
body, but after the harvest he can relas. Even during the height of 
tlie active seoaoti a gootl openttor can take a few daya off to attend 
ft beekeepers^ meeting or engage in a fishing expedition. The lices 
do not require the daily attention that other types of livestock demand* 

In u good seoson a well-managetj colony should produce dose to 
100 pounds of honey. Under expert management and in a good 
honey-producing locality, several hundred pounds per colony aro 
often harvested. At the same time and place, but poorly managed, 
a colony may not obtain enough honey to carry it through the winter. 
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It is essential that the colonies be kept in proximity tu an abundant 
source of neciar. This may bo one-quarter mile to I mile away from 
where the csoJonies are actually situatctl. Acres of nectar-secreting 
flora should be w'ithin the flight range of the bees. 

While there may be literally hundreds of species of flowers upon 
which the bees work for nectar or pollen or both, in any given locality 
there arc loyally not more than two or three plant sources from which 
die bees can make more honey than they require for their own keep. 
Thus there are in the Unite^l States, perhaps, some three dozen or 
so species from which 90 percent of the conimereial honey is derived. 
The clovei'S, including alfalfa, stand high in tlie list of principal 
honey plants, Ued clover is an exception in that it seldom furnisheH 
the beekeeper with extra honey. Other important sources are onmge, 
tupelo, buckwheat, basswood, cotton, fireweed, star-thistle, sourwood, 
gadbeTTy, and mesquitc. Within limited areas, there may be other 
plant sources of a local nature that enable the beekeeper to obtain a 
surplus of honey. 

Since beekeeping is so unlike gardening or taking care of livestock 
of any kind with which most of us at one time or anotlicr have had 
limited oxperieitcc, a pei'son who contemplates a career as a beekeeper, 
on eitlier a large or a small scale, should not start with more than two 
or three colonies. This will keep the in vestment in bees and equipment 
low and gives I he beginner some concrete foundation for decidbig 
whether or not to go on. 

Tlicre ore some 250 beekeepers scattered through tlie southern 
States and California who specialty in furnishing bees to beginners 
or to established beekeepers who wish to enlarge their operations. Two 
or three pounds of bees and a queen are shipped by express or mail in 
wire-screen cages. The cost for a S-pounJ package with a lay big 
queen is approximately to $4.50 and contains Euibcient bees, from 11 
to 13 tboumnd, to constitute a nucleus of a colony. If the new unit is 
establisliert early, that is during fruit bloom, it may develop into a 
sufficiently strong colony to produce s worth-while crop of honey the 
first season. A beginner, however, should feel satisfieel if ho gets his 
new pets in good slvepe to produce a crop the second year. 

The hive equipment will run from $10 to $15 per colony, depending 
upon the type of hive and the amount of extra equipment purchased, 
A study of the catalogs of maniifBcturers of bee supplies will help in 
making a proper selection. 

A beginner shotild wear a veil when learning to handle bees, A 
timid or nervous person would find assurance in a pair of bee gloves. 
It U seldom that bees sting through clothing and so no special equip¬ 
ment is needed to protect t he body. It is advisable to tie string aroiuid 
the trouser legs and a lady might feel greater freedom from fear 
if she wore slacks. 
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All beekwpers, no matter how skillful they are in handling bots, re¬ 
ceive occasional stings. To the inexperienced, the reaction may at 
first be rather severa with oonsidemble swelling and itching, but a 
season’s work with bees usually results in the development of some im¬ 
munity agaiiuit the venom. 

In a short time one should learn to haniUe bees with confidence and 
seldom receive a sting. The beginner soon learns tliat bees are cross 
and irritable on cold and cloudy days and that it is best to open the 
hive when the weather ig warm and the bees are busily engaged in 
the fields. 

Each colony has its own individuality. One may be quiet and 
gentle, while its next-door neighbor may be of a hot temperament. 
Tile gentl^t bees are not always best for honey production, but on the 
other hand there is little pleasure in working with a colonv that is 
ever ready to sdng-^no matter how much honey it product. 

It must be kept in mind that bees are undoraesticated animals. The 
average life of a worker bee during the active season of flight is only 
about (t weeks, so that little or nothing can be done to train them to do 
what their owner wishes. By the same token there is no chance for 
the bees to learn who tlieir master is. An expert beekeeper can go 
into a strange apiary and handle the bees with as much ai^uraiice 
and confidence, and as good results as can the owner Jiimself. It is 
essential, tlierefore, to learn a few of the fundamental principka that 
affect, the reaction of bees. There are books mid magazines galore de¬ 
voted excliiaively to the subject of helping the beekeeper master the 
principal mantpulationa. 

Beekeeping ig not all sn-eetness and honey. Like other types of live¬ 
stock, bees nrc; subject to several kinds of diseases, .Some of these are 
confined to brood (tile young ttnemerged bees), and there are other 
diseases tliat affect only tlic adult l»cs. Since some of the diseases are 
contagious, careful check should always be kept of the colonies to see 
that tliey are healthy. 


Each colony contains but one queen—the mother yf all the beea; her 
importance to the welfare of the colony cannot be over-emphasized. 
If the queen should fail because of agi^—and a queen mav live 2 or 3 
yeare—or becatise of illness, the population of the colony goes down 
rapidly end may bwome so weak as to perish. Tlie same persons w!io 
furnish bees to banners also supply extra qui*ns, so that a new queen 
may be obtained in short order to replace a failing one. 

The greatest mistake that beginners make is in not giving the bees 
^icfent hivB space in which to do the work that thev can do. Often a 
^nner, m an effort to keep his investment low, wilt tiy to maintain 
the bees m a singlo-atoiy hive. A good queen that can lay i,500 eggs 
a day and maintain this rule for days at a time requires at least two 
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hi VO bodies;. These should be considered the seicred property of the bees 
themselves from which the beekeeper is not to remove eny honey. Dur¬ 
ing rainy spelk and periods when it is too cold for the bees to fly they 
must have their daily food. Large reserves of honey sJiould be on 
hand at all ttmea« Honey that the bees make in addition to that stored 
in the two hive bodies the beekeeper can claim for himself. 

The nectOKT as brought by the into die hive may contain upward 
of 80 percent water, whereas honey contains only about 18 percent. 
This esicess water has to be removed by tlie bees. For this purtw^, 
comb space is required, so that the watery nectar may be spread over 
os large a surface as possible to hasten evapKiration; thus more eotnbs 
are necessary to make the crop than are required to hold the ripened, 
flnished honey. 

A colony of be^ should never be allowed to Bll the hive completely 
while the honey crop is being made. Shortly before every comb is 
filled with broodf pollen, or honey^ a colony, sensing tJie end of its job, 
makes preparation to aworm. In tliis preparation there is a decided 
let-down in the storage of honey. Swarming is objectionable from 
this standpoint 

A colony aw arms simply because its living quarters are inadequate^ 
too crowded. The old queen and the majority of bees old enough to 
fly leave the hive. If the swarm is not captured, the bees light off 
to the woods, find a hoUow tree or a cavity in the wall of a dwelling 
and build a new home. In the parent hive will be left all the young 
bees, brood, and a number of queen cells from which one or more new 
queens wili emerge. One of these will eventually head the newly 
formed colony. 

The bees that fly to the fields for nectar and pollen do not deposit 
the nectar in the cells of the hive. They turn the nectar over to young 
house bees—bees too young to flj’—and it is these house bees that do 
all the work from that point on in converting the nectar into full 
mellow-ripe honey. The combination of the young and old bees is 
essential to produce u crop of honey. When a colony swarms, this 
very essenti^ teamwork is destroyed. For best honey production 
every effort should be made to control swarming. 

There are other pitfalls in beekeeping beside diseases and swarm¬ 
ing. A weakened colony of bees, like a weakened animal, ia prayed 
on by enemies. A colony that is not strong enough to keep its house 
clean becoiues infedj^d with wax moths which, if not tended to, will 
destroy tlie combs. A colony too weak effectively to guard its entrance 
to Uie hive is subject to attack by bees from stronger colonies. Sot 
only will (lie robbers carry away the honey, but they will leave in 
their wake many bees killed in the last defense of their home. Col¬ 
onies are often weak because they lack sufficient food. Honeybees do 
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not hiberimte do most otlior insecta. 1 hey ere in & semi active state 
within the hive throughout the long winter, and food in the form of 
honey most be available to them at all times. 

In epitc of these drawbacks there is more on the credit side of the 
ledger. It is not necessary to give bees attention daily. There are 
|>eriod8 of weeks or months at a time when they nK^uire no looking 
after. Three or four hours to a colony throughout the year is ample 
to do all the work necessary. In the spring, and when the honey 
crop is in the making, a few minutes at the right time does more good 
than working with the colony for hours at the wrong time. This 
applies especially to heading off preparatinns for sivarming. 

Beekeeping is a challenge to one’s ingeJiuity as well as nerve. CJol- 
onies are individualistic, and this has to be taken into consideration in 
managing them. A person who keeps bees always has nil eye to the 
weather, knowing how sensitive these creatures are to cliangcs in 
temperature, sunshine, and wind velocity. One’s interest in the plant 
world is immediately stimulated by watching the bloesotns upon which 
bees work. 

Taking honey from the hive is not the least j'oy of working with the 
the bees. No honey tastes so good as that produced by one’s own 
effort. There is also the satisfaction in knowing that through your 
efforts and patience the fruit trees of your neighbors bear more bounti¬ 
fully and that as the busy bees wing their way to surrounding pas¬ 
tures. gardeus, fields, and orchards they are enriching the entire coun¬ 
tryside. They provide a function for which there is no substitute and 
give tbeir keeper a food wliich man with all liis skill has not been able 
to duplicate. 
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the importance of PJjANTS» 


Bj WnXtAM J* RCF^iSft 

jyoffJJffT of JJofdtty. CoJvmMa Uniper^ii^* and Dfmfor of tM y^w Tor* 


Ifothing I liave to here is new; aU of it has be^n knowTi for many 
Tears, some of it for a century or more. Yet I believe that the repeti¬ 
tion from time to time of facts of fundamental import has its place. 
ETeii scientists can on occasion review ivith profit the broad signin- 
tanoe of the material on which they spend their lives. One-up of 
facts of the character I mention concerns the piece occupied by plants 
in the life of man and the economy of nature. 

pLA^fTS TELE BASIS OF LIFE 


Plants are the baaia upon which all other life depends. In the last 
analysis they supply us vrith all the food we eat, they maintain the 
oxygen content of the air end tliey are the primary source of those 
important accessory foods, the vitamins. Without plants we would 
starve to death, die of suffocation, and expire from a combination of 
deficiency diseases. Tn addition, plants are the chief means by wh^ 
the energy of the aim is and bos been in ages past caught and stored 
for us in usable form. Witliotit plants fire would be unkno^ l^nusa 
there would be no wood or coal or petroleum to burn, and el^ncity— 
except as a natural phenomenon—would he ot most limited to areas 

freely supplied with water power. » tu 

The essential relation of plants to the food we eat, the air we breathe, 
and the energy we dissipate with such reckless abandon is based on 
two of their characteristics. These are their ability to store the energy 
of the sun^s rays in sugar, star«:h^ cellulose, oils, fats^ an _ ec cow 
fvtituents of tlie plant body, and their ability to construct from simple 
and elementary substances of chemical compounds necessary for 
the existence of animals, including ourselves. 


t A.inr«i af the dreatleat u4 tht!nn>li fw iHiS of the BecUea W the 
Bepilllted Itf peniilrtlon Irani SdeiiBe, toI. 100. SO®*- tl. t044. 
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The first of these powers^ limited from e practical standpoint to 
plants which possess the green pigment chlorophyll, ie the familiar 
process of photosynthesis in which the plant transforms water obtained 
from the soil and gaseous carbon dioxide from the air into sugar and 
oxygen. In the course of photosynthesis, which occurs only in the 
light, energy from the sun is stor^ in the product sugar and in the 
starch, wood, oils, and fata, or other organic substances constructed 
by liring things from this sugar< Tlie energy we obtain by burning 
coal, lignite, peat, and petroleum was stored by the activity of plants 
in the dim past. It represents our capital stock of usable energy and 
once dissii^ted cannot be recovered. The energy in wood, sugar, plan t 
and animal oils and fats released by burning or by the metabolism 
of living things is that part of the sun’s energy stored in our time. 
This con be regenerated within a reasonable period by the activity of 
plants now growing, Otlier sources of power, water power, wind 
power, power from the tides, are minor in comparison with the energy 
which has been and is being stored by the photosynthesis of plants. 

The major features of this essential process were discovered and 
elaborated by Joseph Priestley, IngenhouEZ, Boussingault, and others 
over a period of about 100 years beginning in 1T71 and arc taught in 
every course in botany and biology, Tli© details of how ddorophyU 
wor^ arc, ho weaver, still unknown, and the basic and essential character 
of the process is not yet a part of our national thinking. If it were, 
the small group of men who arc attempting to discover how photosyn¬ 
thesis occurs—that is, how plants store the sun’s rays—^would receive 
more encouragement and assistance than they do, and in the discussions 
of the future of synthetic rubber made from petroleum we would see 
some consideration given to the wisdom, from the long view, of nsing 
petroleum in quantity to make something which can be produced from 
the air and water by the activity of plants. 

Perhaps the significance of photosynthesis for our mecliantcal age 
could be mote clearly grasped if it were possible to prepare a balance 
sheet on the world’s store of available energy and the rate at which it 
is being dissipated. Thu; cannot be done. We can say that the coal 
and petroleum burned annually represents a net loss of potential 
energy, and we can also say that in time, though not in what time, we 
will have to depend open the energy fixert annually by plants unless 
somo other oource at present not at our command, for example, atomic 
cnorgy, ia discovered and methods for its utilisation devised. 

How much energy is fixed annually by plants? Abhot bos esti¬ 
mated that the energy given oil by the sun amounts to the equivalent 
of 4xi(p» tons of coal anauaUy, of which the earth intercepts a small 
fraction, the equivalent of 2X10** tons of coah According to Berl, 
plants fix each year 2.TX10” metric tons of carbon, which is the 
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pqiiivftlnnt of soniewhcrt titsT Sx 10^ tons of coal* If thes 0 figures 
ura ttpproxiTnfite]7 correct^ then ftbout 0,16 percent of that part of the 
hun’s energy which falls on the earth is caught aimualij autl stored 
by plants. 

Riley has eatiraated the photosynthetlc efficiency of the world as a 
whole to be 0.10 percent and that of the land areas 0.00 pe^nb. 

Another set of date leads to somewhat the same conclusion. Tran- 
seau calculated that 1.6 percent of the sun’s ener^ was udliacd by a 
field of com in Illinois during the 100 days of its growing season. 
Since for much of tlie rest of the year a comheld tacks vegetation 
it would appear that something less tlian 1 percent of tlie sun’s energy 
annually reaching com land in Illinois is fixed. In some parts of the 
Tropics and other sections of the world where vegetation is active 
the year round this proportion would bo larger; on the other hand, in 
the Arctic and in deserts it would be much less. Wo may be justified, 
therefore, in assuming that tlio annual energy fixation of plants ap* 
proximates the eq^ulvalent of 3X10” tons of coal. 

This astronomical figure is at first aglit quite comforting, par- 
ficularly when we learn that in energy value it is over SOO times the 
coal and oil burned in 1938. Tlie difficulty is that most of this an¬ 
nual income is not used. Wood, alcohol produced in fermeulation, 
and plant W'oste play but a minor part in furnishing heat or me¬ 
chanical energy b^use of tlieir inconvenience, exjwnse, or lack of 
adaptability to modem macUiiiery, We depend at present upon coal 
and petroleum, the world’s capital stock of available energy, to supply 
the amount required for this mechemcal age. 

Berl has reported a method by which motor fuel equal in many 
respects to petroleum can be produced from ceUuloeB, starch, sugar, 
and other carbohydrates, thus offering the possibility of replacing our 
slock of usable stored energy by utilizing part of the current day-to- 
tiny incotue^ Cafbohytlratefi oiily can be used by BerFs method; 
[ig&in^ protein^ oils, and fata arc unsuitable: os crude materials* tiow- 
if all the carbobydmtes in all the plants were used os Bori sug¬ 
gests, and this is obviously impracticable, we would have but C times 
the present annual constimption of petroleum and less than 2 times 
the equivalent of the annual world consumption of petroleum and 
coal* If iill the world used coal and petroleum as we did in this 
country in 1942, the tola] energy filed by plants would be but 25 times 
that dissipated and all the carbohydrates made cftob year would yield 
about onedhird the amount the world would need. We con o^y 
guess what these figures would be if we knew tlie energy consumption 
for the war years of 1944 and 1945* 

Two years ago the National Science Fund ashed a repr^tadw 
group of outstanding srientista to list the problems with which sden- 
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tific research stiould bo coucemed in the poatTrar era and on which 
special emphasis should be placed. Future sources of energy stood 
1 bird on tlie list. Its impoilance wus surpassed, in the judgment of 
Ihcse men, only by the aimlysis and study of human behavior and the 
general field of medicnl problems. 

I slisH not linger long on the second characteristic of plants so nec- 
essaiy for the existence of other life on this planet; that is, their 
ability to construct from simple and elementary substances types of 
chemical compounds essential for animals. Tlieir capacity for mak¬ 
ing su^ir £ 1 * 00 ) carbon dioxide and water, constructing amino acids 
from inorganic nitrogen and organic-carbon compounds, and for 
syntliesiaitig vitamins enables us to live. Plants are able chemists and 
there is no substitute lor them. 

PLANTS A.VD RESEARCH IN SCIENCE 


It would seem perhaps appropriate to terminate a discussion of 
the importance of the plant kingdom alter having pointed out the 
essential relation of plants to our sources of energy and the de¬ 
pendence of all life on their existence. However, plants do more 
than fill onr stomachs, warm our bodies, and help us to go quickly 
frou) here to there. For example, plants nre usefnl for the inves¬ 
tigation of problems in science. For this purpose they have cer¬ 
tain advantages. They can be grown in large numbers, and we 
have no compunction in destroying them in quantity if it ia desirable 
for the purposes of the research. Their firm, well-delinented cell 
walls, general structure, and methods of reproduction make them 
well ndapt^ to the investigation of certain kinds of problems, and 
their infinite variety in morphology and pfij-siology olTcrs oppor¬ 
tunity to select an organism best fitted to serve ns experimental 
material for attach on n particular question. 

The study of plants played a major part in the development of 
our knowledge of cells and the formulation of the cell theory. Cells 
were first descrilied by Robert Hooke in 1665 from charcoal, cork, 
and other plant tissues. The discovery of the nucleus is generally 
aserilwd to Robert. Brown, botanist, who made big announcement in 
1831. TTie first careful description of cell division we owe to the 
botanist Hugo von kfohl, who introduced the term “protoplasm” in 
ite prcfflnt Mn.Re. Chromosomes wore figured by the botanist Anton 

ochneider m 1S73 and first adequately described by Strassburecr 
in 1875, ^ 


In many other directions we find that re^areb with plants has 
fed to fundamental discoveries. The investigations of Paven and 

rtT!?* activity of germinated barley opened 

the door to the field of cn^es. Mendel's laws, the foundation of 
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our understanding of heredity end genetics, were diecovered by 
experimenting with pess. The idea of hormones was first pre¬ 
sented by the botanist Sacha in 1880. 'Hie essential nature of the 
so-called minor essential mineral elcmente, for example, manganese, 
copper, and ainc, wp5 demonstrated by Bertrand and bis coworkers 
for the black mold Aspergillm nigo" consideraidy before their im¬ 
portance in animal nutrition was recognized, The discovery of the 
neture of vims diseases to which belong tlie responsible for 

smallpox, yellow fever, influenza, poliomyelitis, virus pneumonia, 
foot and mouth disease, hog cholera, rabies and many other afflictions 
of man, animals, and plants begun with experiments by Iwanoivski 
in lfl$3 on the mosaic disease of tobacco and was completed by 
Stanley in 1985 by the isolation from tobacco afflicted with mosaic 
of the active agent as a nticleoprotein of high molecular weight. The 
influence of day length on reproduction was denionstrated for plante 
by Gamer and Allard some years before the correlation of repm- 
ducti^'e activity in animals and day length was Inv^igated. 

Perhaps nowhere is the importance of work with plants for scien¬ 
tific objectives of general application demonstrated hettar than that 
which has been carried on with yeast. Pasteur’s investigations on 
fermentation contributed in a major way to the germ ihoory of dis¬ 
ease and to his later discoveries in the field of medicine. Investi¬ 
gations on tlie chemical changes induced in carbohydrates by yeast 
have hnd an immense influence on our knowledge of respiration and 
the intermediary metabolism of carbohydrates in animals, including 
man, -A-t least two vitamins, pantothenie acid and biotin, were 
discovered from a study of yeast. 

Many other examples could bo cited illustrating tho importance 
of research on plant nmieriaL liTiat I have said, however, will euf- 
fioe to show that tho study of plants has given us in tho past, as 
it will in tho future, concepts of genenil significance in biology, a 
knowledge of principles applicable to other living things, including 
ourselves. 

HECHBATIONAl. VALUE OF PLA.VrS 

I scarcely need call your attention to the recreational value of plants. 
Tlie opportunity to enjoy flowers, shrubs, and trees acts as on antidote 
for the artificiality and tension of city life, relieves the drabness and 
monotony so freq^ucntly associated with existence in a small town or 
in the country, and satisfies a deep-seated desire in all of us. It can¬ 
not be expressed in units of value, though it !ias been recognised in art, 
poetry, architecture, and design since the beginnings of recorded his¬ 
tory. I see it evidenced by the thousands of films exposed by a part of 
the million or more people who iidsit the New York Botanical Garden 
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annuAlI}^; by the letters which come to my desk from those who feej 
impelled to teU me "tlie great pleasure it is to wander through flower 
gardens and coDScrvatories and to spend quiet^ peaceful^ restful hours 
in tlia groandsj’’ to quote from one of them; by the neturly 150,000 
people who in 1D3S attended the Iiitmxational Flower Show in the 
Grand Central Palace in New York City between Monday noon and 
the succeeding Saturday night with an admission charge of $1,10; by 
the universal interest in gardening and the numerous organizations 
associated with it, garden clubo, Kock GUrden Society, Iris Society, 
Dalilia Society, Herb Society^ Eose Society, Begonia Society, Succu¬ 
lent Society, and so on; by the elaborate gardens maintained by the 
wealthy and tha pJontis raised on window siib in country kitchen and 
city apartment 

Someone has said that gardening and a love of gardens are es^ntial 
components of a full, saue, and rounded life, and traffic with the soil 
and the green things that grow from it is one of the noblest and most 
healthful associations man may adopt. To own a bit of ground, dig 
it witli a spade, plant seeds and watch them grow is a most satisfying 
thing, and fondness for 5uch activity often comes back to a man after 
ho runs the round of pleasure and busine^. As Henry Ward Beecher 
once w rote, every book which interpretfi the secret lore of fields and 
gardens, every essay that brings us nearer to an understanding of trees 
and shrubs and even weeds is a contribution to the wealth and happi¬ 
ness of man. 

A garden gives the possessor fruit, vegetables, and flowers; it also 
teaches patienre and philosophy, pacifies and heals the body and the 
mind. This is recognissed in the empl 03 onent of gardening in ocenpa- 
tional therapy by hospitals and prisons, a practice which boa bren 
used successfully and is increasing. This was not always m Oscar 
Wilde, writing of his own experience in an English jail, said: 

Etit ndEJiar icilk-wlilte re#e aor red 
bloom la prlaoD nlr 
The sbardp the adlI the Ulot 

Are what thf!y g^lve aa there 
For auwetfl have bean kaown to heat 
A remmoa maa^s ileapRir. 

At the New York Botamcal Garden some years ago we received an 
anonjinoiis gift of money from sn indivt<1ual 'trho EtAted th&t it was 
sent because tho opportunity of enjoying the plantings in the Garden 
had prevented self-destruction. If one person was impelled to express 
his appredation in tliis fadiion there must have been many others less 
articulate or with Emnller need who have felt the influence of plants in. 
timeii of stress. I believe that in tlie brave postwar world many are 
now planning, gardening will be recognised and given an important 
place because of its occupational and spiritual voluea. 
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May I add a word of caution. We need nothing but our sensoa to 
enjoy the beauty of flowers, but the deeper satisfaction of knowing 
them and growing them requires a breadth of knowledge and eipe- 
rienco surprising to the uninitiated. So long as any man out of 
employment is considered to be a capable gardener, and seed catalogs 
are looked upon as adequate teats, gardening is likely to be a series of 
disappointments which only the persistent will survive. Gardening 
as a profession requires training, practice, and a body of special infor> 
mation, as other professions do, and the amateur, whether indlTidual 
or corporate does well to look to the professional for guidance and for 
help. The Boynl Botanic Gardens at Kew and at Edinburgh as well 
as similar institutions on the continent bare long recognbted gardening 
as a profession and have conducted courses of instruction in theory 
and practice. In this country few* institutions have as yet concerned 
themselves with this aspect of education, though In the postwar period 
there ia going to be a considerable need for it 

ECONOMIC IltlFOllTANCE OF PLANTS 

Everyone recognizes tlie economic importance of the common field 
crops, wheat, oats, and com, of the vegetables and fruits, and of lum¬ 
ber. These are items in our everyday living, Kot everyone realizes, 
however, how many other products are obtained from plants. They 
are the source of lioscod oil, corn, and coconut oil, tuqwntine, lacquer, 
varnish, and resin, cofee, tea, and other beverages, perfumes, llavor- 
ings, and spices, drugs and insecticides, paper, cordage, and clothing, 
cellulose for artificial silk, and a hundred other useful products. The 
plant-extractives industry alone, including drugs and flavorings, prob¬ 
ably amounts in tlie United States to between lOCi and 160 million 
doUars annually. It took a war, a war which cut us off from normal 
supplies, to make us appreciate how much our economy and our com¬ 
fort and convenience depend upon many of th^ plant products from 
distant places. Rubber and quinine are two of the most generally 
known, but there are many others, for example, the sponge of the luifa 
gourd, the insecticide pyrethrum, chicle for chewing gum, the drug 
ergot, agar agar, and cock. And yet in spite of the varied materials 
we now obtain from plants the potentialities of the plant world are 
but partially explored. What might be called economic botany is 
largely an inheritance from our untutored ancestors who obtained 
their information over the centuries by trial and error. Very little 
systematic effort has been made to explore the plant kingdom with the 
idea of explo iting p roducts as yet unknown or un used. The wide con - 
tacts brought through this war to hundreds of thousands of our young 
men, many of them already trained in science, may result in new and 
important uses for plants. The opportunity exists because not only 
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arc fadiiliar plants incompletely investigatedi but there are cou/ider- 
able areas of the caitU butankully unexplored and thousands of species 
of plants still unknofi'ii to science. iVny one of them might become 
as important to us as PerUcUlium notaivm. 

1 cannot close this discussion of the economic aspects of plants witli- 
out referring to their importance in disease and decay. It is not my 
intention, however, to discuss bacteria, yeasts, and molds as causes of 
disease in other plants and in animals and mim, nor to elaborate on 
their relation to decay except to call attention to the importance of 
the fungi in rotting wood and cloth, molding food, short-circuiting 
electric^ instruments, and deteriorating optical equipment in the 
Tropics. Although those of us who live in the Temperate Zone are 
acquainted with the fungus rots of telephone poles, railroad ties, and 
bouse timbers and tlia minor losses from mildewed curtains or moldy 
food, we have little conception of the dcstructivences of molds in the 
moist Tropics. Their control is a matter of m aj i»r concern. 

Another way in which plants contribute to our economic system is 
through the association of micro organ isms in the formation of various 
products, for example, cheese which depends upon the aetivity of the 
lactic acid and other bacteria and various molds; beer, wine, and other 
fermented liquids produced by yeast; sauerkraut, vinegar, soy sauce, 
and many others less well known or desirable. Bacteria, yeasts, and 
molds as we learn to know them better arc increasingly used for pro¬ 
ducing specific chemical compounds which are beyond the skill of the 
laboratory worker or which can bo made more cheaply by the micro¬ 
organism. Alcohol, acetic aid, acetone, glycerinB, citric acid, gluconic 
acid, and ribofiavin are some of these compounds. Tlie most recent 
and illustrious addition to this list is, of course, penicillin. 

“Botany,’' said Thomas Jefferson, “I rank with the moat valuable 
sciences whether we consider its subjects as funnshing tlie principal 
substances of life to man and beast, delicious varieties fur our tahl&<, 
refresliments from our orchards, the adornment of our flower-borders, 
shade and perfume of our groves, materials for our buildinga or me¬ 
dicaments for cur bodies." 

Jefferson wrote these words in 1814. Priestley had but recently 
demonstrated that plants produoe oxygen; the uniqueness and impor¬ 
tance of photosynthesis wfts still to bo recognized; coal and petroleum 
were still to bo developed; vitamins and amino acids, the relation of 
plants to them and their importance in animal nutrition were un¬ 
known ; rubber was a plaything: the relation of bacteria and molds to 
disease and decay was still to be discovered and penicillin was a long 
way in the future. Thomas JefTorson esUmated the importance of 
plants on the basis of the knowledge about them available in 1814. 
\Vhat would he have said today J 


FUNGI AifD MODERN AFFAIRS ‘ 


By J. RAitBBomu. O. B. E. 
frifiift ituiciim [natural SWofv) 


It b a little surprisijig that fungi should have received so little con¬ 
sideration from academic botanists, for they are more numerous in 
species wtd in individuals than is the rest of the plant klngdunL They 
are classed in the vegetable kingdom, for with the old divisions, plants, 
animals, and niiueraJs, there is nowhere else for them. But they are not 
plants in the ordinary sense of the word as they have no chlorophyll and 
theto is no evidence that they were derived from organisms so provided. 
A great amount of research has been carried out during the last half- 
century to ascertain the precise methods by which green plants build up 
carbohydrates; but comparatively little attention has bean paid to the 
manifold and diverse physiological processes by which fun^ obtain 
theirnutriment. Intheirsearchforfood, fungi play many parts in the 
drama of Nature and in modern affairs. 

To many the word fungus conveys the idea of something mysterious 
or foreboding: to others mushrooms and toadstools. J. Bauhin 
appeared to combiue the two ideas when he derived the word from 
futtus (funeral) end affo {to put in motion), a derivation which John 
Ray considered appropriate even if possibly not correct. 

WTiat is ft mushroom? The term is often loosely applied to those 
larger fungi which are edible, it being assumed that only the field 
mushroom and possibly one or more of its near allies are safe to cat; the 
rest, assumed to be poisonous, are giouped together as toadstools. But 
the assumption puts the facts the wrong way round, for there are l^ 
than a doaen species which ere in any way poisonous; the vast majority 
are harmless. It would be illogical to speak of even the 300 or more 
edible species os mushiooms and the others as tcndstools; it seems 
preferable to call all agarics “toadstools," restricting “mushroom" for 
the species of the genus in this way, raoreov'er, some of our 

insular and peculiar prejudice against them might be toned down. 


cf ttree IfKtum dellT«»d it ttv# ^ril iQitltiiClng oa F^braaiy IS, 22, lod 
S1». 1944, ncprlaEJd bj ptnDle409, Wltli iilditlDDB bj Uae lat^or [encIfWNl fin bnckcti), 
fpnm KituTf-H 1S3, M&X 1944. 
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Toadstools have been eaten from the earliest times. There is no ref- 
eirence to tliem in the Bible, but clasical writers leave us in no doubt 
that fungi were well known as peculiar organisms of strange growlhj so 
well known indeed that they were tire subject of pmis. Accidents 
sometimes occurred and, as these seem to be specially noted, it has been 
assumed by some tliat the use of fungi as food was regarded as too 
dangerous to be indulged in. Wliat is more probable was tliat f ungi 
were a common food, bnt accidents were especially noted because of the 
difficulty of distinguishing between wholesome and poisonous species. 
It was comparatively simple to get a knowledge of what plants and 
fruits are safe to eat for they are easy to recognise again, tliey are last- 
ingj and,, even if annual, they are constant in their time and place. 
Consequently tliey all had names. Fungi, on the other liand, are diffi¬ 
cult to dcscrihe, and the fleshy ones arc of irregular occurrence and of 
short duration. For this reason we find rules for distinguishing be¬ 
tween edible and jxjisonous species rather than names and descriptions. 
Jfany of these rules are still cnrrent—'^pceling,*^ and the nonblackening 
of a silver spoon being the most widely believed, and this thronghoiit 
Europe, possibly owing to their bebg rei>eated in the old herbals. All 
are utterly worthless, even dangerous* There is only one real test 
Many have tried it, and as there are numerous records of experiments 
which ended in disaster, wa have a mass of evidence wldch relieves us of 
the necessity of personal trial. 

It is only m Great Britain that toadstools are rejected aa food. 
Eighty years ago, five or sax species were on sale in Covent Garden 
Market j but later only the mushroom, wild or cultivated, was displayed. 
It is hard to account for tlie British prejudice against them. It has 
been suggested that it is because of our high standard of living, or 
alternatively because of the absence of well-wooded country: but these 
do not explain the fear most people have of them. 

In Continental countries with hard and long winters, are dried 
and pickled and form a staple food while the frosta last; they also serve 
in place of nueat during religious fasts. In all Continental countries 
fungi are sold in the markets, and many towns have special fungus 
mFirkcts. Usually there h some sort of control, and the number of 
species allowed to be sold varies from half a dozen to more than 300. 

Though in Great Britain the chief use of toadstools is as appetizing 
additions Co other dishes, they have a certain food value. There is 
need of more precise information on this, for many of the old analyses 
led to extravagant claims* Darwin recorded that the Terra del Fae- 
gi&na eat no vegetable food except Cyttaria and a few berries, whereas 
Lettow-Vorbeck recounts that w^hen, during the East African cam¬ 
paign of the War of 1914-18 the difficulties with fo€>d had reached a 
most embarrassing etage, the German troops were able to carry on 
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f^TCing to finding enomotis quantities of edible fungi which were to 
tliem as manna was to the children of Israel. 

There are a number of species which have always bad a good repu¬ 
tation as edible, which moreover are easy to identify and which cannot 
readily be confused with any poisonous forms. For those not making 
a special study of the subject, it is advisable to learn to recognize some 
of those, rather than to czperimeut with others about which all that is 
known is that they are not among those regarded as poisonous. 

The most deadly poisonous species is Amanita fhalloidci (including 
the two white varieties or closely allied species A. mma and A, rfroas). 
It is responsible for practically all the recorded deaths from fungus 
poisoning and ilia death rate is more than 50 percent—indeed, it has 
been put as high as DO percent. There is a characteristic period of 
quiescence after the fungus is eaten, on an average 12 hours, though 
it may be as long as 40. Death may occur on the first day, but is usually 
OD the third or fourth day. There arc apparently four poisons con¬ 
tained in tliia species: Amanita haemolysin (phallin), a glucoside 
readily destroyed by heat aud digestive juices; Amanita toxin with a 
complicated and indefinite chemical structure; and, according to the 
work of F. Lynen and U. Wieland (1037), phalloidin, which is quickly 
acting though destroyed by heat, and an additional slower acting 
toxin. Death through eiUing the cooked fmigus is apparently due to 
the heat-resistant Amanita toxin. [H. Wieland and B. Witkop In 1940 
showed tliat plialioJdin is a hexapeptide with the probable formula 

and in 1041 Wieland and R. Hallermayer stated that Amanita toxin 
which they called Amanitin has the character of a weak add and con^ 
tains peptide-like groupings; the formula is 

Therc are only three poisons present, the report of a fourth being due 
to impure preparation confusing the findings.] Cures have been re¬ 
ported by the use of a “s^rum aatiphalloidtcn” prepared at the Pastear 
Institute; by intravenous injection with 20 percent glucose solution; 
by intmvenous injection with 10 percent sodium chlonde solution; by 
administering the finely chopped-up stomachs of three rabbits and the 
brains of seven. 

AnumiVa mapf^ formerly considered os very poisonous, is edible 
but not worth eating. Amanita mvfcana, which contains muscarine, 
mycetoatropine, and choline, does not cause death in healthy people. 
The symptoms of poisoning iisualty simulate alcoholic intoxication, 
though there are occasionally gastro-intestinal disturbances. Amanita 
paniAarina produces similar sympoma. 
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The remaining species irhicli are in, any way dangerous, raw or 
cooked, arc Lepiota heh^esla^ Entohma Jividum, fnoeyhe patonillcrdi^ 
Bokttit salanat and Gyntmitf'A etculenioj thongb some other species 
arc very indigestible ond oonsc<iuently may cause disturbance. 

Clavkepa purpurea (ergot) is a poisonous iimgns of another group. 
The two different types of ergotism, tlie convulsive and the gangronous, 
nr© now well known. Five alkfiloids have been isolated from ergot: 
ergot inine, ergotosine, ergot amine, ergotaminine, and ergometrine. 
As its name suggests, ergutosterol weis lirst extracted from orgot;’ 
hist online also. The use of ergot in childbitb is mentioned by lAinieer 
in I58S in the first record of tlie fungus. At present ergot is the only 
fungus wbieb figures in the British Pharmacopoeia. 

Fungi; being without cbloi-ophyll, Imve a physiology winch in many 
ways is more animahUke than plant-like. Obviously ther© are two 
main sources of food, living organisms and dead organic material. 
Fungi make use of both—tlwy parasitise all kinds of living orgnmstus, 
and tliere is no sort of organic matter not liable to attack. But tliougii 
they are responsible for the greater part of plant diseases and they 
cause destruction to stored products of every kind, the changes they 
bring about arc not all to our detriment as living organisms. They act 
as acftvcngers reducing dead material into substances available for 
plant life, ond moreover prevent the cluttering up of the earth’s sur¬ 
face. The action of soil fungi on pLint material was overlooked w'hen 
untreated jute sandbags were filled with sand and even ordinary eartb 
at the outbreak of Uie present War. The modeni compost heap is n 
contrivanos to bring about the breaking down of similar cellulose sub¬ 
stances. 

Forest trees are snbjoet to attack by larger fungi as well as by micco- 
scopic forma. Timber from such trees is unsuitable for most puri>os«s 
and, moreover, if not properly Bcasoned, may continue to rot. Fallen 
logs and stumps have a characteristic flora, and several of the species 
occur On wooden fences, gateposts and similar structures{ 
i4!ptd€us, for ezaniple, attacks wood pavement blocks, telegraph polw, 
and railway sleepers. 

If wood is to be pri^rvcd, it must be kept dry or treated with some 
fungicide. The chief agent of destruction of structural timber is 
MeruMiu laerpmam^ tlia dry-rot fungus: there are other fungi causing 
dry rot, but the damage tiiey produce is trivial. If timber is properly 
seasoned and then kept dry by ventilation so that it never contains as 
much as 20 percent moisture, the fungus will not attack it; otherwise 
damage is almost certain. At the present time, the amount of dry rot 
in London calls for serious attention. It is easy to understand how 
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bouses which b&ve been severely bombed ere liable to have their timber 
iillecteds but blasts have cracked water pipes with a coti»!quent seepage 
of water thmugh the walls; leaves and other rubbisli have caused over¬ 
flows which run down the walls; shelters have been constructed so 
that ventilation and even watercourses have been interfered with; veti- 
tiiation bricks liavc been stopped up to prevent entrance of gas; or 
sandbags which becanie rain-sodden propped up against walls, often 
over air bricks; houses left unattendei], with no heat and leaky roofs; 
water tanle and pipes bursting, water taps left running in requisi¬ 
tioned buildings—all Imve played their part in bringitig about a giwd 
deal of unnecessary waste. Futihemiore, there is need for some sci- 
entifle control over new housing plans or we slmQ have a repetition 
of the troubles which affected whole building estates after the War of 
1S14-16. 

In addition to causing diseases of trees, microscopic fungi cause 
disease uot only of crops but also of wild plants. The most striking 
point about the flora of bombed sites is the rapid appearance of special 
fungus parasites, as for example Premia Jaotuow on groundsel. The 
idea that disease is h result of civilisation is very attractive to some 
minds—but is eutirely false. 

Fungi are the main causal agents of disease in plants, Hic losses 
in different crops vary normally from 2 to 50 percent; figures for 
the United States for wheat, oats, and barley in 1935 due to rust alone 
were estimated at 277,185, and 53 million bushels respectively, Tlierc 
are many w*ays of combating fungus attacks, the most obvious being 
tlic use of fungicides. Much depends upon having a thorough knowh 
edge of the life history of the parasite as ivell as that of the host plant, 
for then the funguis can be tackled at its mo.<it vulnerable stage. 

Some varieties or races of plants are iutmuiio to the strain of fungus 
parasite common in tlic neighborhood, and much work lias been done 
in the attempt to breed immune races. But it is frequently overlooked 
that there is often as much variation in the parsite as in the boat. Thus 
the problem of producing a wheat immune to black stem rust llieoreli- 
Cttlly necessitates the building up of a resistance to 1T7 physiological 
i-aces, though, practically, only the local strains present in any one area 
need be considered, 

Iasss than a oentuiy ago, when the parasitic nature gf many diseases 
was beginning to be suspected, fungi were thought to be responsible for 
many human affections, Tliis was a consequence of Schoenlein’s dis¬ 
covery in 1839 of the fungus causing favuE^ which was immediatelv 
foUowed by Lagcnibeck^s describing the fungus of thrush, and soon 
afterwanl by Gruby*a deMriptlon of ringworm. AVitb tlie gradual 
recognition of the predominanee of bacterial diseases and the abundant 
problems they presented, mycolc®', ejccpt for the obvious dermato- 

njceived the attention due to it, 
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especially m Great Britain. Alany of the ringTComi group are able to 
lire para^itically on domestic aniinals; some are known to live sapro- 
phyticaliy on organic debris, and others have been reported as capable 
of infecting Jiving plants. Athletes’ too {Tr{ch<)pk^i&n spp*^ ^pi- 
dermophyl&n) has become mEreasingly common in Great Britain dur¬ 
ing the past few years and h prevalent in certain sections of the fight¬ 
ing services. But there are muny less obvious diseases which have been 
studied principally in France and ^Lmorica. That they dist elsewhere 
is shown by the recent recognition of histoplfi^osis (ffhtoplasma 
e<spi^iaium) in Great Britain. Tlie s^raptoms of tliis disease are pro¬ 
tean; tliey may simulate kala nsciir or pulmonary tuberculosis—and 
the prognosis is bad- A recent discovery by C. W. Eimuons tliat small 
desert rodents constitute an important natural reiservoir of Ooccidi- 
oid^ the cause of eocoidioidal granuloma^ is of importance. 

This disease has been known for about half a eciiluiy m North and 
South America and was thought to be soil-bome. The Medical Be- 
search Council has recently appointed a committee to report on the 
situatioD of medical mycology in Great Britain, 

Animals other than tho^ domesticated ore also liable to fungal dia- 
ease. Insects particularly are affected, whole groups of fuogi being 
entomogeuous; as, for example, the Lahoulbeniales witli about 120 
genera and 1,500 species, so well monographed by Theater. Moreover, 
it has been shown recently by C. Dreschler that tliere are a number of 
species, Bntomophthomce^ and Hyphomycetes, which parasitize nem¬ 
atodes, amcebee and other small soil inhabitants^ 

The extent of the damage by fungi to stored products of all kinds 
is only gradually being realized. The los^ in textiles liave received 
most attention and the inv^igations of the conditions in which cotton 
and wool become mildewed are inffuendng the practices of manufac¬ 
ture. The methods of preserving foodstuffs—sterilization, canning] 
pickling, and so on—^are chiefly to prevent mold attack, though they 
also protect them frem bacterial contamiiLation, 

The outward and vSeibla sign of s|>eeiffc differences in fun^ is 
morphological os in green plants and ammuls, but this should not mask 
tile foot that a given species growing under definite conditions atwa^ 
acta in tlie same way and brings about Uie s«imo results. Can wo so 
harness any species that it will produce results useful to usi What has 
Nature herself done in this direction t 
Armitluri^ m^lUu Is a common toadstool which causes a good deal 
of disease in trees but is also able to live saprophytically. It spreads 
by means of rliis^morphs, strands of compacted mycelium which look 
sooiewhat like flattened] branched, and aJiastomosing black leather 
bootla^. If these encounter potato tubere, they reduce them to 
mush in 2 Dr 3 daya On the other hand, if the rhizomorphs meet the 
tubers of the Japanese saprophytic orchid ^^irodia elata^ they pene- 
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trate for oiJy a certam distance and are then held in check. An un¬ 
infected tuber sends out a dropper and the proces is repeated each 
year until a tuber is formed which is too small to grow. An iiifected 
tuber, liowever, amds out a diepper which produces an inflorescence 
the following year. It is obvious that tile orchid obtains nutriment 
from tlie rhizoniorplis, which presuiuably act as conducting strands. 
It may be that in some such reversal of parasitism we have a clue to 
the origin of the more typical mycorrhiza or fnngus-root, Orchide 
are the classical example of obligate symbiosiSi the seeds not normally 
germinating unless infected by the fungus present in certain cells of 
tlie r(X)ts, In modern methods of commercial orchid growing, either 
the seeds are infected artificially with Uie appropriate fungus, or its 
action is replaced by sowing sterilized seeds on a medium contaiumg 
sugar. 

Forest trees have a layer of fungal hyphffi aurroitnding ninny of 
the absorbing rootlets, the fungi conccrneci being mainly of the toad¬ 
stool type, ilimy perennial plants ulfio have mycorrhisuig, but it b 
not yet certain wliich fungi are concerned: tlie usual apiJearance is 
suggestive of I’hycomycetes, Similar osociatious with fungi occur 
LLu'ougliout the plant kingdom. 

The Bssociation of fungus and alga has resulted in the large homo¬ 
geneous class Lichens. 

Many in5cct^f have internal yeasts: indeed, these are supposed to 
have played a definite part iu the evolution of some insect groups. A 
more obvious harneeaing is tliat of the lBaf--cuttiug ants of South 
America which, as first described by Batca and amply confirmed since, 
cultivate fungi of the toadstool type in their fungus gardens. An 
association in which the fungus seems to be less in subjection is that of 
bacteria and yeast whidi ai'e active in various fermented drinks— 
Mexican tibi, koumiss, kephir, lob*n, tea eider, ginger-beer plant— 
some fermenting sugary liquids, others milk. 

In addition to these combined masses, which are usually in the form 
of grains, man in his early history noted tJiat fruit juices or other 
sugary fluids underwent a change if left for some time: honeycomb 
washings became mead, grape juice became wine. These much-appre- 
cioted clitanges, the ivork of yeasts, were not to be left to blind chance, 
and in the course of centuries the conditions controlling the changes 
and finally the reason for them become known. Nowadays distillers, 
brewers, many wine growers and cider manufacturers no longer rely 
on some general supply or on casual wild yeasts, but maintain pure 
cultures of special strains of tlie appropriate species which liave proved 
to give the best results in the conditions of production. Hera we have 
the breaking down of organic matter by fungi to give a desired result. 
It must be stressed, however, that a fungus acts only in a certain way 
in definite circumstances. 
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Pasteclassical researches on fomientation were a direct outcome 
of the misfortunes that befell France after the war of 1870. It ia sur¬ 
prising how often an odd fact he mentioned more or less incidentsllj 
has been followed up by later iuvestigationsp Thus during the War 
of Genoan scientidc men turned their attention to Pasteur^a 

observations that proteins could be synthesized by yeasts fi'om inor¬ 
ganic nitrogen^ including ammonium salts. The fact that yeast, 
inchidiug brewers* yeast, contains a high percentage of protein had 
tong been known and attempts were uiadc to utilize the surplus 
quantities from brewers until the production of beer w^as cut by 00 
percent- lu 1016, Hay duck anuounced that he had discovered what 
he calle<i ‘^mineral yeast** as a contaminant at a pressed-yeust factoiy. 
This yeast, w'Mch b non-apovmg and w'as afterward called T<mda 
utHUy gave mudt better yields of protein than did other yeasts and, 
moreover^ produced little alcohoL A yeast product was put on the 
market, but large-scale production apparently could not be carried 
on because of lack of sugar. 

With the outbreak of the present war, the possibility of a shortage 
of protein had to bo faced^ and the problem was allotted to A. 
Tlmysen and his eollcogues at the Chemical Re^arch Laboratory, 
EventtittUy they decided that 7'oniii (Tomlop^lB) atilw was most 
likely to prove satlsf acfoiy. As the Situation developwh it w as realized 
that the postwar feeding of ravaged Europe would one of the major 
problems, and timt for some time vitamin D deficiency would be an 
additional danger. An analysis of dried Tor^Ja showed tliat, as 
well as 45 to 60 percent of a protein only slightly less nutritive than 
a good animal protein, tliis “food yeast” contains the whole known 
range of water-soluble B vitamins. Further, it mixea readily with 
water and w'ith milk and can be used in all sorts nf ways- Large-scale 
manufacture is to be carried out in Jamaica where molasses b abund- 
ant“200 gm. of moIa.^es give 50 to &0 gncL of food yeast. The Colonial 
Development Fund has granted 60,000 for the erection of the plant 
and it is estimated that food yeast can bo marketed at Oi per pound- 
Many other parts of the Empire are considering erecting plants for 
the benefit of the local population. It is understood that in Germany 
the yeast is again being used with hydrolyzed wood as the source erf 
sugar. 

At TeddingtODj a stmin of T. ultlU was developed w'hich wLQ grow 
better at tropical temperatures than would the normal form. It give« 
a quicker yield and has le^s viLriability in size. Later, a giant strain 
(y. ma/or) wna produced by acting on the cells with camphor: the 
biochemical activities are identical, the variety is stablO;^ its cells are 
more readily separable and its generative time is considerably less. 

Another observation by Pasteur was that in ordinary yeast fermen¬ 
tation a small percentage of glycerine is always produced. During 


321 


FUNGI ANJ> M0J>RRN AlTAIES - IIAMSBOTTOM 

tlie War of 1914-18, the Germans were short of glycerol for makiiig 
eiplosivcs. Keuberg, in 1911, had begun to publish his studies on 
stages leading to alcohol formation by yeasL iVTien experimenting 
on aldehyde fijtatioa with sodium sulphite, there was a large increase 
in the percentage of glycerol. Connstein and Liidecko successfully 
applied this to large-Bcule production; many will remember the wild 
guesses that were made at tlie time concerning the source of the en- 
emy's glycerine. They produced 1,000 tons n month by the metho^ 
the aveiige yield being 30 to 25 [wreent of tlio sugar used, and in 
addition large quantities of alcohol and acetaldehyde were obtained 
as byproducts. It has been said that it enabled the Germans to carry 
on the war for another 12 months. The Americans, heating that gly¬ 
cerine was being produced by yeiists, succeeded in devising a couple 
of similar processes. H. Rnistrick and his colleagues, after 1018, used 
a modified sulphite process at Kobel’s factory at Ardeer and increased 
die yields of glycerine in the fermentation liquor to S5 to 40 p^nt 
of the weight of sugar fermented. Subsequent improveinenta in the 
methods of recovery of glycerine from the fennentation liquors have 
reduced the cost of fermentation glycerine to a figure comparable with 
tlmt of Boap lye glycerine. 

One of Pastcm*’fl statements, “TVe arc convinced that a day will come 
when molds will be utilized in certain indu^itrial operations, on account 
of their power of destroying organic matter”,* in spite of its definites- 
ness, was generally disregarded. However, his favorite pupil, van 
Tiftgliem, establish)^ the importance of molds in the biochemical field. 
He investigated the method of production of g.allic acid from heaps of 
vegetable matter containing tannin—gall nuts, sumach, tea, ett- 
u'atered and allowed to go moldy. He showed in 1867 that the mold 
principally concerned is AsperffiU}/* flfjfcr. TIio present-day method 
of production is to inoculate clear tannin estract with this fungus. 

It was not until 1803 that the first real advance was made, w*hen 
Wclimer described the production of citric acid by two species of 
Pemeillium {Citromyce^} grown in nutrient sucrose Bolutions con¬ 
taining calcium carbonate. It has been found that a number of molds 
produce citric acid, but the one used on a commercial scale is Aapet^ 
ffillia tiiffer. In 1022, Italy produced about OO percent of the world’s 
supply of calcium mtrato from citrous juices, but within 8 years the 
export had practically stopped because of the coniniercial production 
by molds—I0,000g000 pornida annually in the Unitttl States alone. 
There is now an International Citric Acid Agrecinent. 

Tlie process ib a surface fermentation of a nutrient sucrose solution, 
with a comparatively Urge amount of mineral acid which prevents 
the growth of bacteria and most molds. The solution is seeded with 
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spoilt of Asperffillm mg&r, and as these germinate the surfaec becomes 
co’^etiGd with a frail pclHclo which rapidly develops and, by the end 
of the fermentation (8 to 12 days), becomes a fairly thick and deeply 
intricately folded mat but stiU quite wliite. Most of the sugar has by 
then disappeared from the solution, it« place being taken by citric 
acid practically unaccompanied by other organic acids: the solution 
is much more acid than good lemon juice. Some of the sugar, how¬ 
ever, is converled into fungus starch and some into destrin, Tha 
^andnid way to recover the citric acid from the fermented liquor ia 
to add miik of lime and heat nearly to boiling pointy then filter ojff tlie 
difficultly soluble calcium dtratc and wash with hot water. 

Another process in which AspergUlris niger is used is the produc¬ 
tion of gluconic acid^ the calcium salt of which is of importance in 
pharmacy. Mere the best results are obtained from welhae rated sub¬ 
merged growth, which is tno^ econoiuiiialiy accomplished by using 
rotatory drums; 

Molds are able to build up their normal cell eoTLstituenta from an 
amazingly large and varied series of carbon compounds. Moreover, 
as ^en with AspctffiBm niger^ the same species of mold, when growing 
iu slightly different conditions, can produce different substances. 
Citric ficidj oxalic acid, gluconic acid, ethyl alcohol, and mannitol, 
whicli may be regarded as the break-down products of the origmal 
sugars, are formed by mmy species. 

There are, however, many substances which are built up by mold 
grow til, and for the most part these are highly specific products of 
a single species, or of a few related aperies. Tile chief worker in this 
field has been Kaistrick, who, follow-ing on his work on glycerol pro¬ 
duction, has been engaged with numerous collabarators in investigat¬ 
ing the general biochemistry of molds. The scheme followed has been 
to use glucose as the sole source of carbon iu a synthetic culture me- 
dium^—xtsualiy C^apek-Dox medium. In this long-continued and pro¬ 
ductive re^arch, about a hundred substances previously unknown to 
science have been prepared and many of them synthesized^ It may 
well be that ^me of these will be found useful in some way or other, 
but. their present interest is chiefly in giving us a picture of what hap¬ 
pens inride the cell. Mold pigments, rimple quiuonca, poly hydroxy^ 
anlhiaquinones and hydroxyxanthones, simple benzene com|K)unds, 
chlorine-containing metaboUe products, derivatives of tetronie acid 
(stimulants of bactarial growthantibacterial and antifungal sub¬ 
stances are included in the products-* It is a matter of phylogenetic 
interest that the lichen add phywion (pariotin) is formed by Ifi species 
or Entrains in the Aapergill^ glaumig series. 


* A Trld& ratine nf chnsIcKl VAi 
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fungi and modern AFFAlRfr—RAMSBOTTOM 

To luiderstand the magnitude of work of thb kind one hns to take 
into consideration that in a given species there are strai^ some of 
which are more active, some less; f urtlver, that the results diCter accord- 
ingto the chemical constitution of the medium and the phj-sical condj* 

tions of growth. .c - , ,* ■* i. 

Ever since fungi and bacteria were grown on nrtincial media, it nos 

boon observed that in mised cultures one organ may have no 
apparent effect on the growth of the other, or it may influence it either 
favorably or unfavorably. This favorable eflect (synergism) may b® 
considered fts an aspect of symbiosis; tlie unfavorable (antagonism) as 
an aspect of the struggle for esistence. 

Antagonism is gradually becoraiug recognized as a factor in plimt 
disease. The fungi which abound in the soil include some species 
which arc able to become parasites and cause destructive root rots. 
Chemical and physicol conditions of the soil determine the amount 
of a given species, but they also act on the other fungi present, one or 
more of which may hare an antagonistic reaction toward tlio panisite. 
Thus the tnoitl Trichodfrtim viriih., common in the soil, has an 
anUgonistic effect on the growtli of the tree parasite A rnff/orm ffuiRm. 

The phenomenon of antagonism has bwn brought atriltingly to 
public notice following an observation by A. Fleming in 1&28. Wljen 
studying tha growth of Siaphylecctsctt* on solid media in Petri dislica. 
he noticed that the colonies underwent lysis in a zone surrounding a 
growth of PenidUium which contaminated one of his cultures. He 
grew the PsniciTftuja in broth culture, and found that the filtrsto was 
sonic two or three times as effective a-s pure carbolic acid in Bto[>ping 
the growth of St^fhyloxxCGUS. 

For convenience the name “penicillin’’ was used in place of the rather 
cunibersotne phrase “mold-broth filtrate,” Fleming showed that peni¬ 
cillin had a specific action on certain bacteria {St^phijloeocais, 
iStrepfococciw, PflffUTiWJcocwiiff, Gonococcu* and the diphtheria bacil¬ 
lus), but that others {E, c&U and B. tnjfu^asa) were not affected. 
The first practical application of peniciilin was the isolation of the 
insensitive Pfeiffer’s bacillus, which in the rcapiratoiy tract b usuidlj 
associated with organisms highly sensitive to penicillin, Hut Fleming 
also stated that penicillin had no [wisonous effMt and that “it may 
bo an efficient antiseptic for application to, or injection with, areas 
infected with penicillin-sensitive microbes.” In 1931, ho propheai^ 
that “it is quite likely that it, or a chemical of a similar nature, will 
be used in the treatment of septic wotinds.” In ^le following year 
Raistrick and his collaborators grew the PenidUntfti (which Thom 
identified ns P. nat^itum) in a synthetic medium consisting solely of 
glucose and inorganic salts, and defined the optimum conditions of 


324 AlfKVAh REPORT SMITHSONIAN IKSTITUTTON, 1 

growth. They acidified the medium slightly^ extracted with ether, 
and on remoTal of the ether obtained the antibacterial substanos in a 
crude form and to it restricted the name “penicillin.” It waa found 
to be extremely labile. A very definite step had been taken * and sul¬ 
fonamides were not yet discovered. It remaJned for H. W. Florey and 
his collaborators to reveal the outstanding therapeutic properties of 
penicillin. Florey worked first with lyso^qtme, another of Flcmmg^s 
diocovenea, and in the search for other antibacterial substances pro¬ 
duced by tnicro-organisin?, E. Chain and Florey turned their atten¬ 
tion to penicillin. A culture of Fleming's fungus was obtained and 
the penicillin was extracted with amyl acetate. Shaking out the amyl 
acetate with a buffer solution and evaporating the buffer solution gave 
a substance which was at first thouglit to be pure penicillin because it 
proved to bo so active. The results of the clinical trials published in 
15M0 oho wed that it possessea unique therapeutic properties which, 
moreover, because of its nontoxidty, make it of outstanding value ui 
the treatment of war wounds. But the penicillin used in these chemical 
experiments was only about 1 percent pure. Several workers here 
and in the tlnitcd States are engaged on research in purifying penidU 
lin; a crystaillne sodium salt has been obtained which Is a hundred 
times more active than the fir^ extractions. It is capable of inhibiting 
the growth of certain bacteria at a dilution of atiout 1:50,000,000, 
Penicillin is a complex acid of which the exact structure is not yet 
known. 

[When the first trials had shown that penicillin was likely to prove 
of enormous value in the treatment of vrar wounds, the problem was 
to obtain the necessary arneunt. Florey, in the autumn of IMO, urged 
the United States to take up the production and, whatever tlie reason 
for this, it is certain that no such effort as that of American scientists 
and manufacturers could have been made here at that period* New 
strains of Penidtlium were sought for, new media devised, 

and additional therapeutic trials were carried out. Production was 
eventually such that all the needs of the fighting forces could bo met. 
Over DO percent of the penidlliu used during Oie ^var was of American 
origin. Very extensive research on the structure of penicillin has been 
carried out both here and in the United Stales, but althougli more than 
one kind of penicillin has been mentioned, the complicated dienustry 
of this remarkable substance still remains to be revealed.] 

Until recently, all the P^nidiUumr notaium used, both in the labora¬ 
tory and in large-scale manufacture, was from Fleming's original 
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laobtiun. It indeed b strfinEe chance which led to the containina- 
tion of a laboratory culture by an apparently uncommoQ mold (origi¬ 
nally described from decaying hyssop m Norway); and that the 
laboratory should be that of one who was curious in antibiotic phenom¬ 
ena and who, convinced of tbe value of hia discoverj^ kept not only 
the original plate but also maintained the mold in culture^ Further, 
it w'as forluiiate that the original Oxford isolation of crude {penicillin 
contained little if OJiy toxic eubstancea, with the result that Florey 
and the Oxford team were so soon able to announce almost undreamed¬ 
of achievements. Tlda gei^eral freedom from association with harm¬ 
ful products incidentally has also characterised homc-gTow'n cultures 
of penicillin. 

Penicillin is the most active bacteriostatic Bubstauce so far known; 
but the difliculty of obtaining sidlieient quantities and its unstable 
quality have led to the search for similar mold products, end luis also 
stimulated general researtlu There are many such products known, 
but few are sufBciently noiitoxic for use. Flaviein from A^perffUlua 
fiavuM and gigantic acid from A, ffiganteu^ are most similar to peni¬ 
cillin in their chemical and biological propertica^ 

Raistrick and hia tolleuguea have tested many of the compounds 
they had isolated and all new substances which were obtained^ The 
product of the fermentation of Penidlimm patulwfi (originally iso¬ 
lated from sheep dung in France) was considered promisiiig and was 
sent to "VV. K. Gye, who is studying the effects of various substonces on 
cancer ceUs, As he was suffering f rom a cold^ he used it on him^f 
witli most satisfactory results* Extended trials show that it is able 
to cure a promising number of raises of one form of the cotnmou cold* 
It has since been shown that patulin is identical with clavacin and 
clavatiu obtained from A^pergillm clavatm^ and claviformin, from 
clavifortfie and Aspergillw giganltiis^ It is not surpris¬ 
ing til at the same cbcmicai substance should be formed by several 
fungi—indeed, this is what one would expect* IVliat is of greater 
interest is that it is also produced by P^icillium Van 

Luijk in 1938, study ing the diseases of grasses caused by species of 
Pythmm^ found a difference in plants grown in stcrili;^ and non- 
sterilixcd soil. Ho isolated a number of fungi from tlie soil and 
from the air and tested their influence on tlm growth of Pgtkium. 
He found that £xpa}isufn was the most markedly anti¬ 

biotic, and adopting Flcming^s proceduiu, obtained sterili^sed BUralest 
ihesfi inhibited the grovvtli of PytAtiim deluryimum at dilutions of 
1:1,280. He did not isdlate the antifmigal substance, which Anslow, 
Raistrick, and G, Smith (1913) liave shown to be patuLln. Wlien 
the fungus was added to garden sol! infected with Pyihmm^ seedlings 
remained healthy instead of damping off. 
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Here we seem to have a linkin g up of different linea of research 
in such a way that we may expect considerable progress. The recogni¬ 
tion of the chemical constitution of a substance produced by a common 
soil fungus which suppresses the growth of a plant pathogen BUggests 
that greater precision may soon be given to many of the older observa¬ 
tions on fungal antagoniam of various Muds. Incidentally^ it may 
also have some bearing on the question of natural compost versus 
chemical fertilizers. Thera is a difficulty in establi shin g the growth 
of antagonistic organisms in the soil j this can be done only by modify¬ 
ing the conditions, and an obvious way to do tliis is to add manim 
or compost which favor fungal growth. That the matter is not quite 
so simple as it appears at first sight, however, may be judged from 
the fact that Bamum in 1034 showed that the filtrate of cultures of 
PenfciIUu 7 n expahaiim caused wilting in certain herbaceous plants 
placed in it. 

No more than mention can be made of the production by fungi of 
fats, ethyl alcohol, lactic acid, vitamins, and enzymes, or of the im¬ 
mense fermentation industries of the Orient. 




THE INTRODUCTION OF ABACA (MLANILA HEMP) 
INTO THE WESTERN HEMISPHERE^ 


Bj H. T, 

PrtndfHil Technatogi^f, U. S* Department of A&ricuUure 


[WlLh 10 lilHtHl 

The ^oty of plnt^t oj^ploration and introduction fumklies matariAl 
for one of the most interesting chnpters m the history of ivorld agri- 
culture. For centuries, eitplorerg and scientists have collected and 
brought back to their home countries seeds and plants from foreign 
lands. The purpose of this work has ordinarily been to obtain plant 
material that might be utilized either for the improvement of agri¬ 
cultural industries already established^ or,^ in some instances, for the 
establishmeot of entirely new indu-^ri^ 

Many of the details relating to seed and plant introduction projects 
have never been recorded, and the history of this work will never 
be written in its entirety. The value of any one particulnx plant 
introduction, or the ultimate effect whicli such an introduction may 
have had in relation to the development of agrientture can never be 
fully determined. In some instances the dolljirs'and-cents value of 
a new plant or a new industry may be approaimatoly estimated. 
There are other cases in which the fact that a plant product ba$ been 
available at a time when it was urgently needed was a matter of far 
greater importance tlian its monetary value. Under the emergency 
conditions which eaist during a world war there are certain “critical^ 
or ‘^stmtegic^ materials which must be obtaincdi if possible, with but 
little consideration of their cost. AbftcA fiber, which furnishes the 
raw material for certain manufactnred products required in military 
opemtionsj is an out^onding example of a Strategic'’ plant product 

Tliis fiber, which is known in the Philippine Islands as abitc4 and in 
trade circles as Manila hemp, is med for the manufacture of so-called 
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MajiilH rope. It is the product of & plant that resembles In appearance 
the common banana plant to which it is closely related, and is an 
exceptionally strong and light material that is highly resistant to 
the action of salt water. More than a century ago the discovery was 
made that for making strong and durable cordage, and particularly 
marine rope, tliere is no other plant fiber in the world obtainahle in 
commercial quantities that Is equal in quality to abaca. The use 
of this fiber was established in Massachusetts about 1820, and Manila 
rope soon became standard equipment on every ship tlmt sailed the 
Seven Sees. At the time of the entry of the United States in World 
War II no entirely satisfactory substitute for abaci was obtainable, 
the entire supply of this fiber had been cut off by the Japanese occu¬ 
pation of the Philippine Islands and the Netherlands Indies, and 
the reqnirements of the war effort necessitated an immediate increase 
in the production of many different types of abacA cordage. Fortu¬ 
nately, the introduction of nbac& into TVopical America had provided 
in part for an emergency of this character. Many years before the 
outbreak of tlie war abac& plants had been brought to Panama by the 
United States Department of Agriculture. Preliminaiy ex[>criraental 
work had been completed by an American plantation company, and 
a large supply of planting material was available. It was possible, 
therefore, to start immediately the large commercial plantings of 
abaca in Central America that by 1945 had furnished more than 20 
million pounds of this urgently needed rope fiber—a quantity of fiber 
sufficient for the manufacture of more than 3,000 miles of G-inch rope. 

T TtBi PANAUA abac! project 

During World War I persons familior with the world fiber situa¬ 
tion, and also with conditions in the Orient^ bad seen an element of 
danger in having the production of the entire world supply of nbaefi 
fiber confined to limited areas in islands of the western Pacific, prin¬ 
cipally the Philippines. It was clearly evident that in the event of 
a world war in which these islands might be occupied b^’ enemy 
forces, and the Pacific sea lanes even partially closed, the United 
States' one source of supply of this essential raw material would be 
entirely eliminated. This theoretical situatian became an actuality 
at the time of Pearl Harbor. Furthermore, there had been the defi¬ 
nite possibility that the continued spread of diseases of the abnc£ 
plant, which bad already destroyed relatively large areas of abac£ 
in the Philippines, might result in the near future in a decreasing 
production of Philippine abac4 fiber. With the exception of the 
Province of Davao, where the growing of abacA was efficiently con¬ 
ducted by Japanese plantation companies, there had been for some 
years a declining production of this fiber throughout the Philippine 
Tslando. 
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Investigations of tliis sitnution, made by fiber specialists of the 
United States Department of Agriculture^ led to the eon elusion that 
studies should be made of the practicability of introducmg abaca 
into Tropical America. At that timo there was no general under¬ 
standing of tills ptobleiUT the then future bappeanings of World War 
II ficemed unlikely to occur^ and ibe adrisability of attempting to 
bring abaci to the Western HeniLspliere was questioned^ The intro¬ 
duction was made^ liowoveir^ and in 19S5 abaci plants were brought 
from the Philippine Islands to the Bepubbc of Panama and the so- 
called Futuuria Abaci Project was established. For many years there 
was no marked change in the situation in the Orient, supplier of 
Philippine abaci fiber continued to be avaliable, and this project in 
Panama letl a somewhat precarious existence. At times it was almost 
abandoned, but abaci is a hardy plant and the few plants that had 
been brought to Panama continued to live. The few persons who 
were interested in tliis project continued to believe that in course of 
time there would be need for Western Hemispbere abac&. That time 
arrived on December T, 1041, end 6 days after Pearl Harbor the mih- 
mercial development of abaca production in Cent nil America was 
actively under way. 

FIBER. NOMENCLATUHE3 

The term ‘^hemp’^ has become ni the fiber industry almost a synonym 
for the word “fiber.” In numeious instances fibers entirely different 
in type and obtained from plants having no close botanical relation¬ 
ship nr© known as hemp. In the fiber trade thc^ many diflerent 
bempa are distinguished by the name of ^mc town or city ffom which 
they arc, or have been, exported. SSsnl hemp, for example, ia not 
hemp and is no longer exported from the port of Sisal in Yucatan. 
This situation has resulted in confusion and in many errors in sta¬ 
tistical data. The fiber that is comtuonly known as Manila hemp or 
Alanila fiber is not hemp, and relatively ©mall quantities of this fiber 
ate now ©hipped from Manila. The word *^abacd,” wliich is of Malay 
origin, is used in the Philippine© to designate thb fiber and also the 
plant from which it i© obtained. The increasing prciductioii of abaci 
fiber in countries other than the Philippine Islands has led to a more 
general use of the word “abaci,^ and it appears probable that this 
(iber, when produced in the Western Hemisphere, will be known both 
in the trade and elsewhere as abaca fiber. 

THE AB.VCA PLANT 

Tlie abaci plant, is a perennial giwing from short 

rootstocks. A mature abaci plunt or *hnat” consists of a group of 
stalks from 6 to 15 feet m height, which are formed by the brwid over- 


330 AKNUAI* Rlil*0^ BMItHSONUN INCTlnmON* Ift4B 


lappmg Jeaf stems and which bear at the top largo spreading leaf 
blades from 3 to ^ feet long and about 12 inches wide^ The fiber is 
obtained from the oater poiiion of each sueeessire leaf stem. The 
color of the staUc rang^ in the different varieties from a light green to 
dark purple or nearly blade When mature, a flower stalk ubout 2 
indies in diameter is pushed up through tlic center of the abac& stalk, 
bearing at tlie top flowers which are followed by green fruits similar 
to small bananas but filled with black seeds. Abaca plants grown from 
seeds ordinarily do not come true to type, and the usual metliod of 
propagation is by the use of rootstocks or suckers. Abaca requires a 
warn, moi^, tropical dkaute, and a deep, fertile, and well-drained 
soil. 

ABACA FmEa 

In the classification of fibers, abaca is included in the group of so- 
called hard fibers, which are obtained from the leaves and leaf stouis 
of plants. Abaca is a multiceUed long fiber coiisisdug of cylindrical 
strands of fibrovascular bundles. PhiUppine ubaca fiber of *^escellent^ 
cleaning is ordinarily from 6 to 12 feet in length, white to light ochre 
in color, lustrous, strong, and of clean, even texture^ Western Hemi¬ 
sphere abaci fiber;, whi<^ will be machinc-deanedf will range in length 
from 4 to 6 feet and will be somewhat less uniform in color dian the 
Fhilippme fiber. It will have, however, the same basic qualities of 
eSEceptional atrength and resistance to the action of salt water that 
are characterMic of Philippino abaca. The combination of strength, 
durability^ and water resistance makes abadi the most yaluablc known 
fiber for marine cordage. It is aLjO eitensively used for transuii^cn 
and hoisting rope, well-drilling cordage^ and for muuy other purposes 
where escceptional strength and durability aro requirfd. 

HISTORICAL BACKOROUND 

The documents of the Venetian, Antonio Pigafetta, who was one of 
the companloDs of Magellan in the first circumnavigation of the globe, 
include a description of the Isloid of Zubu (Cebu). This is followed 
by a list of “TVords of those heathen people,” which includes the fol¬ 
lowing : ^For the cloth with \vhich they cover themselves—AhacA.*^ lu 
l&Sfi Capt. William Dampier, an Englishman, visited the Island of 
Mindanao, and the records of this voyage contain a description of the 
production and use of ‘^plantain” fiber. There ia also a reference to 
plaintalns of another variety, possibly abadi, on that island which are 
full of black seeds. There are occasional references to the u^ of 
abac& fiber by the Spaniards in the Philippmea during the seventeenth 
and eighteenth centuri^ and in 1820 a sample of abacd fiber was 
brought to Salem^ Maas., by John White, a lieutenant in the United 
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States Navy. After lfr24 this fiber began to be ttsed very eitanaively 
in Salem nnd Boston. Apparently tlie first commercial shipment of 
abacii from the Philippines was 41 tons exported in ISIS. The ex¬ 
ports increased to 276 tons in 1825, and 8^1 tons in 1850. Fifty years 
later, in lOOO, abaca exports from the Philippines were 80,438 tons* 
From 1900 to lOOS abaci represented more than 60 percent of the total 
value of all Philippino exports, 

ARACA in the PHILIPPINE ISLANDS 

AbucA fiber is prodneet] in the Philippines under a wide range of 
conditions* In the hill country of Bouthem Luzon, the Viimyan 
Islands, and northern Mindanao, there are thousands of Filipino 
farmers who have small plantings of abaca and who clean the fiber 
with the crude stripping knives tliat probably were used centuries ago* 
When abacA Is planted under these conditions, a small area of forest 
land is cleared and the rootiiitocts or suckers are set out in holes tJiat 
have been dng with a bolo (machete). Tliere is no cultivation except 
a partial cutting down of shrubs and grass when the abaclL is har¬ 
vested. The crop is harvested irregularly and at the convonience of 
the owner* The fiber is denned with liie antiquated band-sstripping 
apparatus, dried in the sun, and ordinarily is sold to a local Chinese 
middleman. As there is no uuifonnity in the stripping knives, large 
quantities of fiber of inferior quality are prcaiuced* 

During the period of Spanish occupation of the Philippines fairly 
large abaci plantations were established* The methods used on these 
plantations, although an improvement on the native cultivation, were 
relatively primitive. Abaca was planted in rowa, but essentially the 
.same method of planting was used. The periods of ham'esting were 
niore regular, but there was no cnltivation of the fields and the fiber 
was cleaned by hand-stripping. For the work of stripping the fiber 
and clearing the fields, the workers usually received approximately 
r»ne-half of the product The owners of thes^e plantations were fa^ 
miliar with market conditions, and more attention was given to the 
production of fiber of good quality. 

In ItMM, a few years after American occupation of the Philippines, 
an agricultural survey was made of the District of Davao in southern 
Mindanao and the information obtained by this survey was published* 
At tiifit time large areas of unoccupied government land were available 
in Davao, and the cUmatlc and soil conditions of this region were 
exceptionally favorable for abaca* Several small abaci plantation 
companies were organized in Itlanila^aud a number of AmeriranB went 
to Davao for the purpose of establishing abaca plantations* This 
development marked the beginning of a new era in the production of 
abaca. The American planters, realizing the imperfections in the 
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old abjacA industry, began to investigate and eipariment. Tlie dif¬ 
ferent varieties of abacd were studied and the superior varieties ’were 
used in these new plantings. New systems of planting were intro¬ 
duced and the “camotes^^ (sweetpotatoes) which had formerly been 
planted in the abaci fields were replaced with legumes. These and 
many oUier improvements resulted in yields of abaci that were re¬ 
garded as impossible by the old abaca planters in the northern islands, 
and in a quality of fiber that soon attracted the attention of mauufac- 
tnrera in foreign countries. At that time there was a shortage of 
labor in Davao, and it was extremely difficult to obtain the large num¬ 
ber of laborers required for stripping the fiber. For many years 
nuniemus unsuccessful attempts bad beeu made to perfect a machine 
for cleaning ahacu fiber^ but it was not until about 1021 that the so- 
called Hngotan and Universal machined were placed on tJie market 
by an American firm in Manila. Tlicse madiines, which are a modi- 
fic<l and improved form of the old hand-stripping method, were 
promptly adopted by the Davao planters, and by 1&41 practically all 
the abac& fiber produced in Davao was cleaned with these machines. 

Some years after the establishinent of American abacA plantations 
in Davao, a Japanese businessman, a Mr. Ohta, came to Davao from 
Manila- A Japane^ abacA plantation company was organized, and 
from that time onward there w as a steady and rapid growth of Jap¬ 
anese intereste in the Davao abac A industry. The Japanese plantation 
companies apparently had abundant capital niid were able to bring 
laborers to Davao from Japan. Large areas of government land were 
leased to the Japanese, and two or three large holding companies con¬ 
trolled the operations of numerous smaller companies. Th& Japanese 
Davao Planters^ Association effectively coordinated all the efforts of 
the Japanese in Davao. The investigational work, which had been 
started by the American planters m Davao, was expanded and im¬ 
proved by the Japanese* Scientists were brought to Davao from 
Japan, and experiment stations and laboratories were established. 
The net result of these operations was that at the time of the entry of 
the United States in World War II the Province of Davao was pro¬ 
ducing approximately one-half of the entire output of Philippine 
obacA fiber, and something like 85 percent of the entire Davao produc¬ 
tion was controlled by the Japanese. 

E.VRLIER ABAC A INTEODtJOnONS 

Complete records of the attempts that liave been made to grow 
abficA in countries other than the Philippines are not available, but 
many such attempts have been made. With but few exceptions these 
experiments were unsHcccssful, and in consequence many pei-sons 
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fumiHar with abaci were of the opinioD that this plawt could be 
grown successfully only in the Philippine Islands, As abuefi can be 
propagated frtim seeds, and ns the seeds are readily available and 
easily transported, it is probable that this method of propagation 
was used ixx must of this experimental work* The fact that abaci 
usually does not come true to type when grown from seeds was either 
unknown or failed to receive consideration* There are reports of 
abacd introductions into India, the Andaman Islands, New Guinea, 
the Federated Malay States, Ceylon, Fiji, the Solomon Islands, and 
the West Indies, but the commercial production of abaca fiber did not 
become an established industry in any of these countriea. 

A short time after American octrupation of tlie Philippine Islands 
the Office of Fiber Plant Investigations of the United St ates Depart¬ 
ment of Agriculture attempted the introduction of abacA mta the 
United States. In April IDOl, a consignment of seeds of four differ¬ 
ent varieties of abac A was received in Washington fi'um an abac^ 
planter in the Island of Negros, These seeds were planted in the De¬ 
partment greenhouses in Washington and also in Florida, but none of 
them germinated* Early in 1902 abac£ seeds that had been received 
from tlie Philippine Bureau of Agricultura were sent to Puerto Rico 
for planting, but none of these seeds germinated. In October 1902, a 
second lot of seeds received from the Philippine Bureau of Agriculture 
were planted in Washington and 89 seedling plants were obtained. 
These plants were distributed early in 1903 to Jamaica, Trinidad, 
I=^uerto Rico, the Hawaiian Islands, and Florida, It was subsequently 
reported that the plants sent to Puerto Rico and Florida w ere growing 
well, but apparently they ultimately disappeared. 

This introduction work was continued, but from six different lots of 
Philippine abaefi seed received in Washington during tlie period from 
1904 until early lOl I not n single plant was ohtaii]c<L In March 19H, 
abacd seeds of the Maguindanao variety, which had been carefully 
packed in charcoal in tin mailing tubes, were received from the Philip¬ 
pine Bureau of Agriculture. These seeds were planted in the Depart ¬ 
ment greenhouses in Washington, and from this planting about 1,200 
seedlings wore obtained* A distribution of these plants was made to 
Cuba, Puerto Rico, Nicaragua, Costa Rica, Panama, Mexico, and the 
Hawaiian Islands. It appears that with one or two possiblE excep¬ 
tions all these plants were later destroyed or abandoned* AbacA plants 
now growing at ihe Agricultural Experiment Station, Mayaguea, P, R.j 
are said to have come from this distribution* In 1025, two or three 
“nvats” of old abaci plants of the Maguindanao type were found in a 
somewhat isolated place near Almirante, Punama, and it h possible 
that these plants come from the introduction of Magiiindomao secdl ings 

made in 1012, 
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TWENTY YBARS BEFOBE WOBXB WAB 11 

The occupedon of tlie Philippine Islands and the Netherkndii Easst 
Indies hj the Japanese early in 1042 eliminated for the time beings 
insofar as the Western Hemisphere Tvas concerned, tlic entire world 
supply of abacA fiber. In idew of the happ^enmgs of this period, it is 
of interest to obscrro the manner in which this situation was foreseen 
20 years earlier by a fiber specialist in tlie United States Department 
of Agriculture^ Tlie following stutctnonts relating to this subject are 
portions of an official govemmerit mernomndum prepared in Jfoyember 
1921: 

The pmbleia oC establfslilQa the production of abacA od a ccntiiiercEal scale Id 
Tropical Atccrlca is one that has been coDsidored for xo^Tiy >ears. With the 
chaoECfl that an? talcLnf place in the Ladustrlat ^ttoQUon In thcFliLllppIrie Islands; 
and with the ntkccrtaLn [lolltlcql flEntus of that conatry. this problem of ma^la^ 
ndecuate proTlsloDs for iiu nasutied tutare supply of abaci la one that mn^F 
sooner or Inter receive attentloo* Hurln^? the post 2 jmr% I hoTe liod occauion 
at dJiTeretit tlmcB to dlsctl.^ this Eabject with scTeml of the pTomEnent cordage 
Djanpfietnrers In this country. These Bjea regard the pneseiu abaci sftoHtlon 
with consldemblc apprelieTiBlon, and strongly urge that aa qltcinpt be made to 
establish a Bource of supply of thEs liber In TroploU America. 

The oAoed s«ua« 0 B—The average ahnual coti^mptfon of ahacd fiber 

In the Uollcd iSlates for the past 12 years haft been approximately T2^0W toaa. 
Tbia Dmoimt U nbout one-balf the total world prcdnctloa of tbts fil>er. The 
principal uses of abacd fiber Id the United Stat^ are for I be manafacturc of the 
IrtHt gntdes of marl DC cordago, well-drill Eng cables, and t ransmission rope. Th3a 
fiber Is Also used for a great Turlety of other purposes, IndudEng the mauufacEnr^ 
of blmlcr twine and yaiious kinds of cordage. FVjr purpn^CiS where excepnonal 
strength, a marked degree of elasticity^ or resistance to [he aoUan of Balt water 
are requlird, there is no other known Aber that ts a snElafacLory aubatitute for 
abacA An adequote supply of abDcA fiber la esscDtIal to the contlntied opera cloti 
of the Americun cordngc Indnstry. An ndeqnate supply of ibianlla rope is a 
bl^ly ImpotlEnt factor In th«! malotetidnce of the United !?itates Navy and the 
merchaDt uarlnCt In Ehc proiiuctlan of mineral oil, In the construction of hnlldEngs, 
and In many other Induatriefi, Tho entire world supply of aiiacfi filicrt with the 
exception of a few bondred balefl. Is now produced In the I'bllEppluc Islands. 
During the post 3 years flfl.5 percent of the total etipply of abaeft fiber eouBuiued 
In die United States has been obtained by direct shipment from tbe Fhlllpplue 
lElnadSL 

Blemmfh of dan^efr in (hit jffiidtioq.—Tbe exlffUng nbaefi ^toatlon Is a striking 
luatnnce of having "'all of our egga in one basket.” wkh that basket an the oppo¬ 
site side of the world, and with no action being taken to remedy or oven modify 
these coudJtlona The essontlal elements of danger in this sltuatloa ore na 
foUows: 

I, In ihc event of war with any nation havlTig a strong navy, the United States 
wotild prcsumnhly lose control of the Philippine IsIandiS for a consldi^mblo perlchl 
of tbacn and Us supply of abnefi would be entirely cut off nt a time when tberc 
wontd be urgent need for nn nbandnut supply of this fiber, 

Z When tbe United States relinqulahea polltlcnl control of tbe Ubtllpplne 
Islands, onr ftitnre supply of abacd wUJ bo highly nncorEnliL it Is a fact of no 
man Biignlficanco that the Japoneso within the post few yeim. bare obtained 
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control af ft Inrge part of tlio nbacA laoMIng^ In llio District of Dftvao, which 
J!i?ajds oil prOFluccfl io the PUIItiiplii^ lb Lbe proJnctloii of the best ^doa of 
cordfts^ Ijbcr iit tho United Stutes. It \a also of iatereot to natc that the 
Chlnesft control & Inrge portion of the trade in ahacft. 

3r Tlie C^TCmmCDt of the l^Ulpplne Iftlunds Ima hut Umlteil fndtltiea for 
erndlcflilitg. or eren eontrolHiij plant dkoftsea. Within n^ut yeiirs diseaEcs 
of tibftcd have boea caaatag an increaatng; loss, and as Uie prodactlon of abacd 
lo coohncd to n Limited aiunber of provinces and Islands one of these dlaceses 
alight easily spread ihroiighoat die entlio abocd^producliig aren. The fate of 
coffee, coeoiknla, ntkl bauanas La certaLn leglocut of th& Trepicfi shfiws very elearly 
whflt mfty happen nt any Hine to abaci in the Philippine l^unds. 

ITfte Lo^'Lcal repit^ilpr—it Is admitted that there la an elemetkt of danger In 
the United States^ being dependent oa the FhiUpplao Islands for Its CfitLre supply 
nf abaeft filler, tbo togienL remedy for iMb alttuttlon la catalilhjli a soaree of 
^PPly uf thJft Qbeii- ia some cobatry other ihan the FhlLEppEnea, While abacd 
hft!) never beco produced oa a commercial ecoIo In Tropical America^ there appcnira 
to be no reason why aneli prodaction hs siot ptftcticftblo. The cllnifttic and soil 
condEtloas In portions of PatiabiA, In cennln other parts of Central AmerlcSp and 
In the Voim KcfiJ of Snhto I>omlngi> are quite similar to the cfmdllions found In 
the abaci provinces of thb FMllppLoe Islands. It Ls known that abaci has made 
a iaxorlaat growth In Panujiin, and that certain species or vorleLIes of 
prodncliig fiber of fairly good quality p are now being grown En I ha Vega Haul 
fogton. With the adopt loa tn the District of Davao in the PhnilUiine fsIftmlH 
of a sEmple, but fairly satisfactory, maebioa for cloiiftlne ahard, and with Ih^ 
progrciig that has been made during the tiftat yobr wiUi other mnchlaes for cleua- 
lag this hher^ there is every rwn&an to beHcve that uhiicA produced lii Tropical 
Amorlea coutiL he eleuacil with maehInesH 

JVoecduro r^roiniacadod^—As ihe rckmUs thu« far oblnined In propogutlng 
fibucft from seeds have been generally UitSUllKfactaryT It Ls believed that the estab- 
lEshment of this Industry on a commercinl bjisls la Tropical Amorlea wlH involve 
the Importation from the PMLIppiine Islaods of snekcjia of ^'eral of the hast 
varletLcs of ahned. Itefore making any dehnlie ftTrangfoiebta for the ttapdrlft- 
tleo cf abacil suehets, H would be ftdvisftble to ohtftla dam lied uhd acenrate data 
reg^irdlng the cUmntk and soU conditions, area# avutlnble fur nUnefl, planting, 
attttnile of tbe local plnators toward this proleet, a ad any other useful Information 
pertnlnlng to the locnlltfas where it Ls proposed to plant ahacA. It Is recommended 
that such an InvestlgatLon he made, which would aen'^e us a basis for future w^orkn 

The rcconuuevitlatbn thnt n preliminary mvesUgation be made of 
conditions in the Canal Zone and the Bepublic of Panama iras approved 
in December Tliis was die beginning of tlie project that made 

it possible on Deecmber 13,1041, 5 days after Peiirt Harbor, for rep* 
reaentatives of the Govcrnmeitt, the United Fruit Co., and the cordage 
manufacturers to meet in conference in Waabington, and by tlie follow* 
iiig u'cek to huTo tbe conunercial dcTelopnieiit of tlie abacd projects 
in Central America actively under way. The history of the whole 
project is one of many diJliculties and some failures but ultimate 
success. 

AUACJ. IS CENTRiVE AinHlIOA 

Unlike some of the other hard-fiber crops, abaci is rather exacdug 
in its climatic and soil requiromenta. An abundant but not excessive 
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Bupply of moisture and a fertile^ wetJ-drained aojl are essential to the 
jiommt development of tlii$ plant. In considoriDg^ in 1021^ the intro¬ 
duction of abaci into Tropical America, it Tvas necessary to determine 
not onJj where nurseries might he established but also where the con¬ 
ditions were faTOrable for subsequent plantation development, and 
for the purpose of obtainii^ this information preliminary surreys 
were made in the Canal Zone and in certain regions of the Republic of 
Panama. It was found that on the Pacific side of the Canal Zone and 
in adjoining areas in Panania the climatic conditions are unfavorahle 
for abaca because of the long dry sen^n. On the Atlantic side of the 
Canal ^ne there are small areas where abaci nurseries might have 
been established^ but these areas were too small for plantation opera¬ 
tions and the topographical conditions were unfavorable. In the 
production of ahacd under a syatem where the stalks are moved from 
tjja fields to a central cleaning plant about S-B i>eroent of the material 
transported is waste. In a rough hilly country the transportation 
costs are e^cc^ve, and it is not practicable to operate targe planta¬ 
tions under these conditions. 

In the Province of Bocas del Toro in the Republic of Panama, which 
adjoina anthem Costa Rica and is about miles we^t of the Atlantic 
end of the Panama Canal, a large estate of the United Fruit Co. ex¬ 
tends inland from the town of Ahuirante. As experimental work 
with so-calJed ahac4 had been conducted at this place during 1020 and 
1021, an investigation was made of conditions at AhnJrante. On ar¬ 
rival at Almirante it was learned that small quantities of fiber had 
recently been produced and submitted to a firm of fiber merchants in 
New York for examination. It was reported that this fil>er was 
greatly inferior to Philippine ftbaeij and the opinion was expressed 
that this was another demonstration that ahacd fiber of satisfactoiy 
quality could be produced only In the Philippine Islands Samples 
of this fiber were examined and It was found that insofar as quality 
was concerned the New York report was correct- It developed, how- 
evert when plants from which this fiber had been obtained were 
inspected that these plants were n type that is sometimes referred to 
as “bastard” abaca, and possibly were the progeny of sBedling plants 
that were sent to this region many years ago* These same plants, had 
they been grown in Llie Philippme Islands, would have produced fiber 
no better in quahty than that which was obtained at Almirante. 

The natural conditions of this region are rather similar to the condi¬ 
tions found in the Province of I>nvao, which is the leading abnici 
pmvince in the Philippine Islands* A heavy and relatively well- 
distrlhuicd rainfall, and a fertile, well-drsined soil are tlie basic re¬ 
quire menta of this plant. Fuilhermore, large areas of abandoned 
banana lands on which abacd might be grown were available on thiB 
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estate. As abaci is a dose relative of the banana plant, and as prac¬ 
tically all the bananas at Almirante had been destroyed by the virulent 
“Panama*' disease, the disease situation was threatening, but it seemed 
unlikely that any location for espcrimental work with abac£ could be 
obtained in Central America that would be entirely free of thU dis¬ 
ease, As the management at Almirante was definitely interested in 
the project and offered to cooperate in any eiperimenfal work that 
might be undertaken, it seemed advisable to make tentative nrrangB- 
ments for the cstabliEhment of an abaca nursery ot this place. The 
nest step in the project was to obtain from the I'hilipplne Islands the 
plant material required. 

OPPOSITION IN THE PHILIPPINES 

There were both political and business interests in the Philippine 
Islands opposed to the exportation of abne^i plant material. When 
it be<.time known that consideration was being given to experiments 
with abaefi in Panama, the three chambers of commerce in Manila, 
including the American Chaiubor of Comroorce, presented a joint 
resolution to the Governor General requesting that the expoilation 
of aback plant materiul to any regions other than the United States 
and its jMsjsesjions be prohibited. The Director of Agriculture in 
the Philippines, in an exceptionally strong and logical statement, 
advised against the enactment of any legislation of this character, 
and for Uie time being no further official action was taken. The 
agitation continued, however, and finally resulted tn the enactment 
by the Seventh Philippine IvCgislature of a law prohibiting the 
expoitatioD from the Philippine Islands to foreign countries of 
seeds of aback and its derivatives. Tliis law was approved by the 
Governor General on December t, 1D25, but fortunately some 3 
months earlier a largo consignment of aback plants that proved 
succe^ful had been shipped from Davao to Panama. 

INTRODUCmON or 1023 

Early in 1923 an unsuccessful collection of about 350 rbisomea of 
four varieties of aback had been obtained tn Davao. These plants 
were dug on the plantations in Davao early tn March, and received 
rough handling on the small interisland boat during the period of 
shipment from Davao to Manila. They were received in Manila 
daring the middle of the hot season when conditions were unfavor¬ 
able for the transportation of material of this character. The rhi¬ 
zomes were dipped in a lime sulfur solution under the supervision 
of a government plant pathologist, inspected by the plant inspectors, 
repacked, and shipped to the Canal Zone. Seven weeks elapsed 
from the time the plants left Manila until they arrived in the Canal 
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Suniniit. On Gsaminatjon it was found tliat all the plants were 
dead, that tliey contained large numbers of active nciiutodea, and 
that there were indications of root borers. On beiu^ advised of 
the condition of this shipment, the United Fruit Co. issued instruc¬ 
tions tliat no further abaci plant material from the Fhitippiues 
would be rerseived, and that they n'ould not be iu a position to 
conduct any further experiments widi abaci. 

INTItODOCriON OF 1SQ4 

In view of these circumstances it was considered inadvisable to 
attempt for the time being any more direct shipments of abadi 
plant material from the Philippines to tlie Canal Zone or Panama. 
It was thought, however, that a few suisU sucker plants might be 
brought to the United States and grown in the greenhouses of 
the Dcpartiueiit of Agriculture at Glenn Dale, ltd. In Hay 1024, 
about 25 small abacd suckers wens collected in Albay Province, in 
the southern part of the Island of Luzon, brought to Mauila, and 
shipped from Itanila to Seattle, where they wore disinfected at the 
piaiu quarantine station, repacked, and forwarded to Washington. 
The few plants that were still alive when they finally reached Wash¬ 
ington ultimately died. 

iNTitoDucnoN OF loas 

Although these experiences were somewhat discouraging, it was still 
believed that it was entirely practicable to obtain in tlie Philippine 
Islands “dean” nbacd planting material, and to ship tins material to 
Panama if direct transportation from Davao to the Canal Zone could 
be obtained and if arrangements could be matle for the liandling of this 
materia] after its arrival. During the latter part of 1024 it was learned 
that a plant pathologist of the United Fruit Co., who was familiar with 
conditions both in tha Philippines and in Panama, would visit the 
Philippine Islands early in 1D25 for the purpose of coUectiiig banana 
plants for shipment to Panama- It was suggested tliat abaci plant 
material be collected and prepared under Uie supervision of this path¬ 
ologist, and that a second attempt be made to make a direct shipment of 
abaca plants from the PhiUppmes to the Canal Zone and Panama. 
Tills suggestion having been approved, preliminary arrangements for 
carrying out this project were tlian made in Washington. As the 
abac& varieties in Davao are considered to be superior to the varieriee 
found in the northern provinces, and as Uiis province was free, or rela¬ 
tively free, of abacd diseases at that time, it was planned to obbiin in 
Davao tlie abtic^ plants for Panama. 
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THE TBANSfH^aTATION PROBLEM 

In order to make direct sbipment of tlie^ plants it ^as necessaij to 
arrange lor tbe routing of a from Davao to tke Canal Zone, and 
this proved to be a diflicult problem. It was hoped that an Army or 
Navy transport miglit be used for this purpose, but this was considered 
to bo impracticable. Tlic matter was finally brought to Uie attention of 
tlie vice president of the United States Shipping Board, who was most 
cooperative arid offered to furnish al I possible assistance, 11 was tcnta- 
tively arranged that if suRicicnt comineroiui cargo could be obtained in 
Davao to cover Ihe expense of a call at that port, a ship would be routed 
from Manila to the Canal Zone via Davao, and the Manila agent of the 
Shipping Boaid was instructed to furnish assistance in making neces^ 
sary arrangements. One of the larger American cordage companies 
that had an agency in Davao agreed to furnish the required cargo, but 
the opposition of commercial inteiestsin Manila together with changes 
in the Shipping Board agency it> Manila served to complicate this situ- 
atl on. In the end t he Shlppi ng Board in Washington cabled the neces¬ 
sary instructions, and on August 20 information was received at tiie 
plantation wliere tlie plants had been collected that the 5. S, Eth&n 
A lien, would arrive the following morning. In the meantime this large 
shipment of plant material had been prepared with only a fair prospect 
U^at it would ever leave the Philippine Islands. 

COLI>ECTlON AND PHEPARATIOS OF PI„tNT SLATERIAL 

As statements had been published in the Manila press tliat the estab¬ 
lishment of abaca production in Panama w'outd ultimately ruin the 
Philippine abac£ industry, it was somewhat questionable what might 
bo the attitude of the Davao planters regarding tiiis project. On 
amving in Davao, conferences were held with the two leading Ameri¬ 
can abacd planters, and the reasons for the project were explained in 
detail, No attempt was made to min i lu iso the fact that the commercial 
production of abacd in Tropical America might, in course of time, 
adversely affect the Davao abacd industry. It is greatly to the credit 
of tliosa patriotic and far-sighted nmn, Henry Peabody and Cliarles 
Harvey, both of whom had given the best part of their lives to the 
development of their plantations, tliat first consideration was given to 
the needs of their country rather than to tlieir own pereonal interests. 
They not only offered no objections to tbe shipment of abacA plants 
from Davao, but furnished a full measure of assistance and cooperation 
in the work of collecting and preparing this matenal. Both of these 
men died 20 years later in Japanese prison camps, at a time when 
millions of pounds of marine rope, made posable because of their 
patriotism, w ere being used in the war with Japan. 
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Conditions in Davao were by no means ideal for work of this char¬ 
acter. In 1925 the abaca piantationa wore widely separated over a 
large area on both sides of the Gulf of Davao, which is about 09 miles 
long, and there were but few miles of road in the entire province. 
No one of the plantations or distiicta had all the varieties that it was 
desirable to obtain, and it was essential that the coltcctlon be brought 
together and prepared at one place. The site finally selected for this 
work was the Culamaii Plantation Co. in the municipality of Malita 
on the southwestern coast of the Gulf of Damo. A email number of 
plants of the varieties Libuton, Tangongan, and Slnaba, that had been 
collected in other localities, were sent to Malita. 

On arrival at Malita u survey was made of the different areas from 
whidi it was proposed to obtain plant material. No evidence was 
found of abacd diseases, but in the older fields most of the abaci 
rhirotnes were badly infested with iwit borers and it was evident that 
great care would have to be taken in the preparation of this material. 
This involved a careful examination of eacli rhizome and the cutting 
out of all sections where root borers were found. It was somewhat 
doubtful how many of the rhizomes would survive this heroic treat- 
ment, which was to be followed by the long period of storage during 
shipment across the Pacific. For this reason it was considered ad¬ 
visable to prepare a collection of growing plants: During June and 
July some 400 rhizomes, suckers, and buds were planted in a miscel¬ 
laneous assortment of all the old oil cans and boxes that could be 
found on the plantation. Although more than one-half of the crated 
rhizomes were alive when the shipment reached Panama, the grow¬ 
ing plants furnished the bulk of the planting material. The limite<l 
supply of packing material available on the plantation included ex¬ 
celsior, old newspapers, and small quantities of sphagnum and char¬ 
coal. AH these materials were used in different methods of packing 
the rhizomes, and in addition 3 tins of seeds were packed in charcoal, 
and several bunches of fruit containing seeds were shipped in cold 
storage. The shi[iineDt when finally completed included 1,433 items 
of plant material, packed in 279 containers, and represented 6 differ¬ 
ent varieties of aboc4. 


ACROSS THE i’ACLFia 

Malita is an open roadstead and has no ducking facilities for large 
ships. For several days before the arrival of the Allen there 

were indications of stormy wcatiier, which would have entirely dis¬ 
rupted the plans for loading this shipment of plants. August 21 was 
a fine day, however, and the Ethan. Allen arrived with a lighter in the 
early morning. The loading of the IDO heavy boxes and cans of 
growing plants from the small plantation dock to the lighter and 
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from the lighter to the ship, without datnaging the plants, was a diffi¬ 
cult job iind it was after nightfall when this work was completed * 
The Ethan Allen sailed from MaUta for the Canal Zone via Honolulu 
at JA5 p. m. August 21, 1925^ and 42 days later, on the nioming of 
October arrived at Balboa. 

The eonditiona on a Ueavilj loaded cargo ship are not favorable for 
the transportation of a large dupment of growing plants. The more 
essontml roquirenienU with respect to stowage space are good ventila¬ 
tion, light—sunlight if possible, protection from heavy winds and salt 
water, and some degree of acce^ibility as the plants must occasionally 
be watete«L To obtain oil thes^ conditions in any one place on a ship, 
particularly during stormy weather, b practically impo^ible. The 
places available on the Ethan Allen for the stowage of plants were 
the boat deck, on top of the hatches on the after well deck, and in the 
[KMsp cargo space which opens off tlie main deck aft. The shipment 
of abaci plants was divided into three parts; tlie hooves of plants 
planted in sphngntim were placed on the boat deck; the heavy bosces 
and cans of plants planted in dirt on the hatches, and the crates of 
rhizomes in the poop cargo space. ITiis arrangement would have 
been satisfactory with reasonably favorable weather conditions, but 
ns strong head winds and high were encountered immediately 
after leaving the Gulf of Davao^ and aa these continued throughout 
the greater part of the voyage, it became necessary for a time to move 
all the material into the poop cargo space^ 

Between Honolulu and Balboa H was necessary during a etortn to 
close entirely this cargo space, leaving neither light nor ventilation. 
In the course of the storm some of the crates shifted and were thrown 
on the boscs of growing plants. As heavy seas wore wasliing over tlie 
main deck, in spile of all precautions that could be taken a small 
an^ount of salt water entered the cargo space. It w'as impo^ble to 
determine to wlmt extent this salt w^atcr reached the plants, but their 
condition and rapid growth during the following 2 weeks indicated 
that but little damage had been done. The supply of fresh water was 
limited, but enough was obtained for essential watering of the plants. 
Throughout the entire voyage not only the ship^s officers, but also the 
members of the crew, furnished all posaible assistancfti On several 
Occasions when the weather became threatening the deck crow turned 
out during the night to move boxes of plants or close the cargo space, 

TEANSSHIPifENT OF PLANTS 

On afrivnl at Balboa^ the ship was boarded by the local representa-^ 
tivo of the Fcdeml HorticuUnrai Board, who accompanied tho ship¬ 
ment through the Panama Canal to Cristobal, and from Cristobal to 
the plant quarantine station of the United Fruit Co. at Flat Bock on 
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Columbug Isle [id. It lied been intended to le&TG a part of this ship¬ 
ment in the Canal Zone, but a preliminary inspcotioiv indicated that 
thp safest method of handling these plants would be to first take them 
ail to the quarantine station at Flat liock where they could be ra- 
paeked and inspected. This was done and subsequently a portion 
of the plants were brought back to tlie Plant Introduction Gardens 
is the Canal Zone. 

In Cristoba! the plants were transshipped to the S, S. 
which sailed the following day for Bocas del Toro. On the morning 
of October 5, the shipment was unloaded into lighters at Bocas del 
Toro, was transferred to the quarantine station at Fkt Rock in the 
afternoon, and was unloaded on the rocky beach during the late after¬ 
noon and evening. In a rough sea that was encountered dur^ the 
short trip from Bocas del Toro to Coimnbus Island, one of the lighters 
broke loose from tlie towing Isunch, and a large part of the shipment 
was very nearly lost at this time. 

CONDlTIOJiS ATC IXAT ROCK 

The plant quarantine station is located in an isolated place on 
Columbus Island, about G miles by sea from the small town of Bocas 
del Toro. This station had been in operation only 3 montlia, iind but 
little work had been done other than the construction of a relatively 
small plant cage. This cage furnished space for the planting of 
less than 15 percent of this Bhipment of abac4 plants. As no work 
animals or implements other than spades were available, it was neces¬ 
sary to clear and spade an area outside the cage of sufficient siae for 
planting about SOO planta. The conditions with respect to moisture 
were very unfavorable, and ns there were no facilities for watering the 
plants, it was questionable how many of them might survive. 

With the 8 laborers that were available 3 days were required to move 
the 379 heavy ca-ses of plant material a distance of about 500 yards 
over a very rough trail from the beach to the plant cage. While this 
was being done, the work of clearing and spading tlie plot outside the 
cage was started. All the large crates and boxes were unpacked and 
the rhizomes were classified according to their condition as “goed,’' 
“doubtful,” and “bad.” Of the total shipment of 1,438 plants, more 
than one-half appeared to be in good condition and about 73 percent 
were alive. The planting work was finished 5 days after tlie plants 
were landed on Columbus Island. It proved to be very fortunate 
that a large number of growing plants were brought from the Philip¬ 
pines to Panama, as many of the rhizomes that were alive wlien they 
were unpacked at Flat Rock failed to grow. Three months after 
this planting was made there were about 500 growing plants in the 
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nurseries Jit Flat Bock. These pJontB soon bogan to sucker freely, 
the nurseries became crowded^ and a small field planting was made. 

nJGMOYAL -rO THE ilAlNlANlJ 

In May 1920^ about 8 months after the abaci ira^ planted at the 
quarantine station on Columbus Island, all tlio plants remaining m tho 
nurseries were removed to the mainland and a planting of approxi¬ 
mately 1 acre was made on Farm Nine of the Almlrante Division of 
the United Fruit Co» From the progeny of the plants grown on tliis 
1 acre nearly 29,000 acres of abaci have since been planted in four 
oountriia of Central America, 

By 1926 it was thus considered that abaci was at least temporarily 
established in Tropical America, and a planting of even 1 acre made 
possible the study of some of tlie problenis relating to this plant and 
fiber. It Wfia necessary to determine the degree of suitability of the 
climatic and sail conditions of this region for abicl^ the resistance of 
this plant to and inaect the relative value of the different 

varieties, the srstems of planting and cnltivslion that might be used, 
and the quality of the fiber that might be produced. It was hoped that 
by selection and breeding, new and improved varieties of abac^ might 
be produced, J- H, Pemrnr, a plant breeder in llie service of the United 
Fruit Co., who had received the ebaefi planta on the day of their arrival 
at Bocas del Toro, and who had nursed them through the critical period 
on Columbus Island, continued in charge of this work. For a period 
of about 15 years and until large cojiimcrcij^l projects were developed, 
Mr. Pertnar directed the abacd work in Panama, Had it not been for 
his unbounded faith in abacd as a crop for Tropical America, togctlier 
with his intelligent and pcisistent effort, it ig very doubtful if this 
work would have been continued^ 

THE l^AXAMA PL.^NTINGg SHOW DEn^^lTE PROMISE 

Within a 3 ^ear after the planting w^as made at Farm Nine, it became 
clearly evident that the climatic and soil conditions of this region are 
exceptionally favorable for abacA^ The plants at Fann Nine, although 
they had not yet reached tlie flowering stage, were larger and uiore 
luxuriant in their growth than plants of the same age and Viiricty 
grown under the moat favorable conditions in tlie Philippine Ldan^ 
Iti the earlier stageg of this development disease hazards gave promise 
of being very seriotss. Many of the young plants became infected with 
the “Panama’^ disease which, under similar conditions, wonld have 
oomplctdy destroyed the closely related banana plants. Fortunately, 
however, abatd proved to be highly resistant to this disease, which prac- 
ticftllv disappeared as the abaca became adjusted to its new envdron- 
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menu Aft^r a period of 13 years^ although an occasional young or 
weak abocfi plant developed ‘^Panoma” disease, the menace was not 
g]erioiis for the greatly needed wartime production. 

A so-called Abaci Garden containing plots of nl! the different varie¬ 
ties was estfiblished at Farm Nine, Hybridization work was started 
in 192T and continued throngli 1023, ^^*enfcy-four combmations bad 
bwn made between the different varietiesj and some of these new' hy¬ 
brids wore very promising. Subsequent!y^ during the years when the 
abaca project was temporarily abandoned, it became necessary to dis* 
continue this work, but it was later resumed* A preliminary scries of 
fifaer-cleaning tests wore conducted dui'ing the latter part of 1D27* 
Although no mature ahacd stalks were available at that time, and the 
laborers who did the cleaning were entirely inesperiencwl ih work of 
thia character, fiber of very promising quality w'as ohtainetL Samples 
of this fiber that were subsequently tested at the National Bureau of 
Standards In Washington had an avcriige breaking strength equal to 
that of good grades of Philippine abaca fiber* 

With a fairly large supply of propagating material aTailable^ two 
25-acre field plantings were made during 1928 in locations having 
Somewhat different soil conditions. Five different varieties of abaca 
and four different planting systems were used. ITic luxuriant growth 
of abaci in this region indicated tiiat a wider spacing than the 10 by 
10 feetj which is the usual Davao system, would bo necessary. In 
making these plantings^ the practices followed were essentially the 
same as those tmd for bananas. This procedure seemed to be advis¬ 
able because all the local labor is familiar with the methods tised in 
planting and cultivating bananas. The abaci! in these fields made an 
excellent growth, and the plants when 1 year old compared favorably 
in size and quality with abaca plants grown under similar conditions 
in the Fhihppine Islands. 

By 1029, so well had these early plantings succeedetl that considera¬ 
tion was being given by the United Fruit Co. to further expansion, and 
to the need for information on which to ba^ eonnnercial dcvelopmentn 
One of the small Hagotan fiber-cleaning machines was obtained from 
the Philippino Islands, and in August 192D about I,<100 pounds of 
Panama abacd fiber were shipped to Boston, Mass,* for manufacturing 
tceta. The tensile strength of die rope manufactured from this fiber 
was alighlly higher than comuion Manila rojic. A few montlis later 
a number of abac^ stalks were shipped from Panama to Paterson, 
N. J., for cleaning tests with a sisal-fiber-cleaning macliinc. It was 
demonstrated that abacd could be cleaned with dlls machine, but the 
fiber obtained was not of satisfactory quality. 

During the early part of 1930 estimates covering the cost of esftab- 
lUhing and developing » 1,000-acrc abacA planting in Panama were 


abaca (MANILA HEMP)—EDWAfiBS 


345 


prepared. At that time the industrial depression was well under way, 
the future of the world fiber uiEirkets was xuicertain, and the outlook 
was not sufliciently favorable to justify furtlier eEpansiou of the abaci 
plantings* A a there was no improvement in Utese conditions, aU the 
work with abaci at Almiraiite, except an occnsioiml Gleaning of the old 
fields, was discootinned for a period of nearly 6 years* 

THE INTKKTM PERIOD 

The pr 05 i>ects for any immediate resumption of the work with abaci 
in Panama were far from bright at thia tinie^ but an effort could still 
be made to maintain a continued interest in the project. In June 1931 
the United Fruit Co* extended an invitation to the Cordage Institute 
and the Uniisd States Departo^ent of Agriculture to send a commis¬ 
sion to Panama for the purpose of inspecting and reporting on the 
abaca situ ation at A Imi rant e* Th is inspection was made during Jnly, 
and in a subse<tuent communication from the manufacturers to the 
United Fruit Co. the following statement was made) 

The manufacturers are raw coarlnced that abac A will grow In Paanma fttiU 
are reiT tauch Inaprefise^I hj the luxuriant growth of the plautn and the QualltV of 
the fllMT, Huw U tflJLoulEj t>e cleaned, tbs cost of a««^?afiirj machlnarr and equip- 
ment, what piarketa are aTtiUahle, the prohable price obialnablc^ the compeEl- 
tlon Lt must meet, and other sSmPrtT qUHtlEouH ere all for roiind-liihle eocifereiic^L 
The comtiintec are wlioJc-licartctlly in rerested la this operltiiect and arc pre¬ 
pared to eoopemte with the Ualted Fruit Go, to the fullest extent 

AlthougK this inspectioti did not result in (inj immediate develop¬ 
ment of abacd production in fanama, it served to stimulate an interest 
in this project, and it furnished the cordage manufacturing industry 
{itst-band information that proved subsequently to be of great value. 

Several different factors contributed during the early part of 1036 
to a revival of interest in the Panama nhaefi project. Tlie improve¬ 
ment of general industrial conditions had resulted in a corresponding 
improvement in the fiber market. In the Philippines, the Japanese 
were steadily incretaing their control of the abnc4 industry, and the 
advisability of establishing in the Western Hemisphere a secondary 
source of supply of this fiber was becoming increasingly evident. Ihe 
possibility of using Central American abac£ fiber as a paper material 
was receiving the attention of United States paper manufacturers. 

In April 1936 representatives of the United Fruit Co., the Cordage 
Institute, and the United States Department of Agriculture, confe^ 
in Washington on means by which abaca production in Panama might 
be established on a commercial bosia. Tentative plans were prepared 
for a cooperative project under which the United Fruit Co. would 
agree to plant and maintain 1,000 acres of abadi and install necessary 
machinery and equipment, and the cordage manufactiirere, acting 
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through the Cordage Institute, would agree to buy all fiber produced 
during a period of yeais at a price that would niahe it possible to 
write off thft investmenti It was estimated that thk project would 
cost nbont $25G,000. The work of assembling iidditional data both 
on the plantation and in the cordage industry was started * and, at a 
meeting of the Cordage Instituio held in September, it was voted to 
cooperate in this project. Several conferences were subsequently held 
in New York and Boston, and in Xovembcr the United Fruit Co» 
decided to pmceed with this work without any contract from the 
manufacturers other than a guarantee that the product of 1,000 acres 
would bo purchased at the prevailing market price for comparable 
fibers. 

rrcoGKEsa the prewar perioDp 1037 to iwi 

Early in 1S)37 two representatives of the United Fruit Co. visited the 
Philippine Islands to study the conditions under which abaca fiber 
was being produced in tliat country, especially to obtain detailed infor- 
mation concerning the different methods of cleaning the fiber. It 
Was the opinion of the engineer who made this study that the results 
obtained with tlia large fiber-cleaning machines in use at timt time on 
two of the Davao plantations were uusatisfactory, and that it might 
be possible to build a machine of an entirely different type that would 
pr^uce a better quality of fiber- The work of desigutng and con¬ 
structing this stxalled water-knife machine was started, and a field 
planting of 1,01® acres of abac^ was made at Ahnirante during the 
second half of 1037, Tlie two 35-acre plantings that had been made 
in 1028 furubbed a supply of propagating materia! adequate for this 
new 1,000-acre planting- 

With this relatively large area of abaci!, it was then possible to con¬ 
duct certain lines of experimental work relating to the production 
of fiber under commerdal conditions. As approximately 0G percent 
in weight of the abac& stalk is waste material, the transportatien of 
the stalks from the fields to a centrally located cleaning plant Is a 
serious problem. In the production of bananas, mules are used for 
transxwrting the bunchea of fruit from the fields to the spar-railway 
line; and it was found that abaci stalks cut into 6-foot lengths, which 
are known as jnnfcs, could be moved in the same manner and at a 
moderate cost, Tlie acreage production of bananas has been mate- 
rially increased by the use of a system of pruning, which is the removal 
from each or hi II of bmianas of all but a limited number of fdalks. 

Exx>erimental work in pruning abacA indicated that considerably in¬ 
creased yields could also bo ohtiuned with this crop. While these field 
experiments were under way, several shipments of abaril stalks were 
made from Almirante to Boston where exjieriinerital work was being 
conducted in the cleaning and procesring of the fiber^ 
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Id 19B9 a second field planting of 1^000 acres was madej and the 
water-knife mAchine was completed iind installed dd the plantation at 
Ahoiiunte^ Twenty bales of fiber that had been cleaned with this 
machme were shipped to the United States for manufacturing 
This fiber was found to be of fairly acceptable qnalityj but continued 
operation of the niachmo under plantation conditions demonstrated 
the fact that it did not have sufficient cleaning capacity for profitable 
use in tlio commercial production of fiber. Plans were prepared for 
r«modeliiig this machine^ and the constnictioo of a new machine was 
started in the United States^ 

In the memitime a large acreage of abacd had matured at Ahoirante 
and no means of cleaning the fiber were available^ It weis decided, 
theref ore, to eon struct and operate at Almirante about 20 of the Email 
Ifngotan machines that are u^ on the Davao abncA plantations in tlie 
Philippine Islands. It was not expected that the use of these small 
machines would be the final solution of the fibernilearung problem in 
I^anama, hut ii would at least furnish a means of salraging a poitiori 
of the abaca stalks that were rotting in the fields. These machines 
were installed at Almirante early in 1040, were operated for nearly a 
year^ and several fairly largo shipments of fiber wore made to the 
United States. This fiber was of didcrent gi~ades and qualities but, 
in general, was of a quality entirely acceptable to the cordage manu¬ 
facturers. It was determined, however, that because of high laE>or 
costs the cleaning of abacA fiber with these small machluca would not 
be practicable in Panama. From au educational point of view this 
cleaning project was definitely worth while, as it served to demonstrate 
to all tlie larger cordage manufacturers in the United States that when 
cleaned by the same method there is no essential difference between 
abaca filler produced in the American Tropics and that obtained from 
the Philippine Islands. 

The first 11 months of 1041 was another depression period In Uie 
Panama abaci project. Two thousand acres of abaci had matured and 
were ready for harvesting, and no satisfactory methexL of cleaning 
had been developed- It had been found tliat the use of tlie small 
machines for the commercial production of fiber was not practicable 
and die use of ilic^ machine 43 had been discon timied. The new water- 
knife machine had been in^Ued and operated at Almirante, but thii? 
machine wa^j still in the eipcricieiital stage of development. In the 
tneantime war clouds were gathering and stock piles of Phaippine 
abacd fiber were being accumulated in the United States. It waa evi¬ 
dent that there was urgent need for positive acHon with rcapect to ihB 
development of abaci production in the Western Hemisphere, but with 
conditions in the Orient still in the "pending^ ^age neither the Gov^ 
eminent nor conuncjicial interests were prepated to take thia action. 


348 ANNUAI* REPDET SMITMSONIAK IXSTITUTION, 1&45 

THK WAR FErtlOD 

The stJituA of th« Panams abac& project was immediatelj and com¬ 
pletely changed by die happenings at Pearl Harbor on December 7^ 
1^41, The supplies of abaeft available in the United States at that 
time were entirely inadequate to meet the probable requirementfi for 
this fiber, and the prospective occupation of the Philippine Islands by 
Ihe Japanese meant that our main source of supply of abaeft would be 
cut off for an indefinite period* Under these oiroumatances die need 
for developing the production of this fiber in Tropical America could 
not longer be questioned. 

Two days after Pearl Harbor the Interbureau Coordinating Com¬ 
mittee on Special Fiber Crops, of the United States Deparlment of 
Agrieultniej met in conference for consider a iton of different aspects 
of the Panama abnc^l situation. One of the members of this com¬ 
mittee was audiorized to discuss this matter informally with repre¬ 
sentatives of die Office of Production Management, the Cordage Insti¬ 
tute, and tlie United Fruit Co. for the purpose of determining what 
action might be taken. In December 1“2 a conference wm held by 
repi^esentatives of the Eeconstruction Finance Corporation, the De¬ 
fense Supplies Corporation, the Department of Agriculture, the 
United Fruit Co., and the Cordage Institute. It was proposed at 
this conference that the United Fruit Co. should immediately pur¬ 
chase a Corona fiber-cleaning machine that was available in Costa 
Bica and move this machine to the plantation at Almirante, that plans 
idjould be prepared for the planting by die United Fruit Co. of ap¬ 
proximately 10,CMK) acres of abaci in Panama and 10,000 acres in Costa 
Kica, end that with the approval of the Office of Production Manage¬ 
ment this project should be financed by tiie Reconstruction Finance 
Corporation- Tlic necessity contracts covering this work were sub- 
t^equendy prepared, but without waiting for the appi-oval of these 
contracts, instructions were cabled to Ahnimntc, the machine was pur- 
diased and moved, and planting operations were started. 

The casual obsen^er who may have occasion to watcli the discharge 
of a cargo of Central American abacd on a dock in New York, probably 
has but little conception of the diiSculties that hud to be overcome 
before diis fiber could be produced* The conditions under which the 
abaca plantations were established in Cent nil America iiave been well 
described in an article published In Cord Age magazine, September 
1044, from which the following is quoted: 

Wti^u the p1aiitutlQi]£ wore startcti ahortlr afLer Harbor, there wag luck 

of kaowletiKe In the cuHlvatSon and proccusEtig of tbe fiber* TIae only nbacfl 
jgrown Ln tlhlg bemliiphoro wng tluit prodaci^l by the experimental plnatntJou 
nppruteU by the United Fruit O. In Punnnm, with root atotk prorlited by a far- 
alabteU arfinber of the United Siates X>epartmeni of Agrlcalturep who had bronght 
ihe fltock fE^tn the PbiUpplnea. 
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Tlier® wfifl scurcJtj- of lubOF tR CeRtml Amerlcn due to otlier i?on]pediie war 
Ijrojectd. Thtr^ wna acan-Sly of nmdiUicrx. luaierlulB, and nuppllea wlilcli were 
ntiuired in ffobbitadtlal ^uoiititlea for these l±tjrge seal# oDterprlaes. Tii^ deiDAodB 
upon tho Ilmilod qtiarLiitlt!H available in the United StEies were practically 
imllmlted 

Ttiere was fitnrclty of aJilppIbg add wbmariDea were taklbK a large toll. There 
was eongestloo oa oar raHroads and docks bolding ap deilvcrlca. These 
End ties and the fact that St taltca approsttuintely ^ yeitn to grow abaci from 
the Uaie of planting amde the praMems of proUadag tlila c^iitial flbar before 
our stockpile rau oat alaniiSt lasaperable. 

Tlie t^eatral Aaierlctin eoantrle^f were scraped etean for amterLils and labor, 
Uoablo to refolve naiclilnery a ad eqalptueat frooi the Ualted Siatea, there Wi»w 
liioch Logeaioaa iiuprotisatlon. ^lachetes were made out of steel ruila, faa 
belt# wero made out of ro£»* secoad-liaud IrrSgatloa pipe was utiftl to drill wella 
for water sapplj^ 

la etitablLEhlag these plantations 11 was aeeessuTy to luakio elaborate soW aar- 
A'eys to select the proper sites. Bundroda of miles of land were surveyed by 
Cd^itieei^ to take topugrapliy accessary tor drobaEo systems and to lay oat plaa- 
tatJoas and railroads. It was necessary to toll and onaerhnisb the dease Jungle 
vegetatiom 

Approximately 7,lk)0,iJOO heads of se<id (rhlromCB) , approxlaiately 27,U0O tons, 
had to be dag from the espcrlmentol plantutlDn la Panama, transported to ports, 
Shipped tc the various coantrles where plantations were eidnblighed, and hauled 
from ports of thejM countries Inland to the plantolions. Thla had to be done 
with as little delay as possible la arder to presene the seed, a dlJUcnlt problezn 
wJtb BcarcJty and Irregiilnrlty of shipping nud Inadequate Inlaad tranaportaUoiL 
of the rmpld Krowt h of vegetal Son ta the tropics, much Inbor bad to 
be used to clear competing vegetation daring the early growth of the plants. 
Hundreds of miles of drainage: had to be dug and dcaned to carry of! osccss waicr* 
ilestmctlve to abaci roots. 

Itoadn and bridges had to bo construciod through the Jangle gtiiwth to provido 
passage for mules carrying aecd to the planiatlotts OJod later the ^Alks to the 
railroads. 

KlTaborata railway and tram syirtemg were emabilshcd to transport the stalks 
to the factories nud the liber frota factories to the mUwnyiL 

Large factories to extract the Uber from the slnlks had to bo couatructed and 
machinery designed and omuafactnred to carry out large-scale prndticUoDp con- 
uEstlug of dccortIcators^ cni^berSh driers, balcrsi RnJ. auxiliary mucbinery^ 

By April 30, 1945, apprOAiuiiitely 20,000 acres of abaci hnd been 
planted and were under cultivation in the four countries of Panama, 
Coiita Kica, Guatenuda, and Honduras. A large part of tbis acieage 
was in production and as abaca is a perennial, production was expected 
to continue for some 10 or 12 years without replanting. Five large 
ffl^er^:lc<lning plants bad been Installed by 1945 and were in opemtion. 
During three war years, more than 20,000,000 pounds of abacd fiber 
had been produced and practically all of it bad been shipped to the 
United States and manufactured into rope. In the meantime tlie pre¬ 
war stocka of i’hilippine abaci had been largely, or entirely, exliausted, 
and the Nation’s one source of supply of tbis fiber was Central America. 
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PLATE 1 



1 Reld of Abaca in Albav province, eslano of Luzon. 

XiYtfl tJ¥' jui^lr aumjunilLnui. .Mlhuuicli. Fiswn uj<l uiuh^r iirlsnEN^T pmi<|]i|ciiu, jarci^ rjunfiilti™ 

tii iihiM* flhrtr of fc^nciflk'ii'l quality Iwvt- tm-n ill «iHi Iwm UiiiriEL I I'bihTufrturJk miurti^jv rii IJic^ 

|ijfi# liijirnlJ 4 Nr 



2, Fselo of AsacA in Davao province. Island of minoamao 

-PI .hiurA PhiHjiiiLtjiiiLiL 'milh tflflffrnl iiiwupfWHl ftlMJ flWHirfn mUJaiJib (rf «alUi'i*rkiiL tih?atwn 1 

^ M iSw »|rkb JnSf MJK-rStf ^UnUlT. Tl^h BrU <«. I hr ( K V , H'd™! 

fElrllwi’iT ,i„t« to I'JHIPJII. (I'htuppiw n«t™i 


Ilf iVrIrnWi} 
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PLAT£ Z 



}. Cl.eAR^^«i l_AMD FOR AN ABAjCa PlANTJNO iN OAVAO PROVINCE- 

UiM' rif (Iw nicLhy liHlliLij.Ei. tifotik'Jiu £if iti*’ l^lianCt^n Is j-i^niuvnl oS Itu^ Ieui^ ufci but^l 1-Iwt b). U* In- 
j lUuhti^l lo EkJvra. \otf tlfcr nhi hiKil i»f MUhs alHVf ilk- Ikui e nwwi of I h bi I frr. 



3 A RecCNTLY CLEAfSTEO AMD PLAtJTED ABAcA FIELD IN OaVAO PfhSVIUM 

.TPiJk flHrr lioi hw< ri'iw-l rt vlreH, fiwrti. (jr Iirtiili uri-l itvili hinr ln^n (lunirrl. .ml ihr ibud rhJintm 

navr tMMJiii (hlniritwl. 
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PLATE 3 



1 ' TUJtYWC'" AaAtA 

Thf* flrrt 4i'tHTniliiii ilk elrtniup flltrt liv tha bftiKl‘4triii:i|ilTipt infm inriiwjk.n1 ul Ehc^HI^-ti^wInp 

HHiIrr byrE I hi- ak. itbnkik«Ei|f eif ( hr ntalk. Tlww’ nEihMi> w kmiwji itx lui^. rJlio(<>- 

n;YtiELY> I^h.l1l|i|,lltit' |l 4 Ti'*ip rj| AKricuUuM.? 



j. STftippiMs Abaca Fjbep. 

TEie- ihUiy pir^lw^l tA ilart ATHT i« Phkll]»jp(nM li hif iiwnilkfJlbr tuAki^ imElrf * tiklt^ ((mially 

.wmitwlJ Iliat iJi™‘tl |IJim ftpiLirit a bfcitlL (it b>' laumjqi cjt a i|w(ni [ i luvtovra^lF mUrl nj 

BtirpqtiuE SdnwT^-i 
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Plate 5 



1, THAwspoPTiMo AbacA Fiber in soijTi-tEnN Luzon. 

Ilk HkT Mw4ml iTctiiiuir nr in wtim* Slmn' miU. ftlwr ffipj' tmktH frnm tbr fNirn^i Tn tr^- 

niiirkrl tffwu ln imbwh MfO, ■il'hulqiirrPl'*! vf^iUtVf^y iNilliiiinrm Riirriiii cif Pcfcntr,] 



2 . trawsrortiucs AbacA Fiber Davao Pnovinct 

4 . .1^.. l„ mrLVJfLW ibc liultca ^ pllACd fltXT VT UUUJSf nM¥«J tPTlFl Ihf 
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P^U^Te 6 



1. GRAOJNcS ABACA FiSCP IN DaVAO Pf^VINC^ 

Al'JiiH IliitT ih’lli'tTMl hjf ItH* |in»t(nm aF tht* Jinwo ami w«uhcJiBiCfl la Kirti^l Intw dirTcwnl icraili** U'Utfv 
Fw'likj; h^h'tf r {Fhu(ciei^|i^ Ikj^' HqIi^ M 



2 SN$f>CC~r]NC? feber. 

AlJ ntta irx|i;ift4i4l Ervnh ib^ I'tiLlJmiltir iKluiiL'i B vrwl<^l unic^inii Iv *^RtkhnFiti] ^unniiT lEUnliir^lM. 

anrt b i^sftnkLnixt tir KnvftnimetiE iiv|v<1itrp TK-fum iri|HEirtnl tan. (Ptwjtf*rapH t^4ri44>- l^liUi s^ilnr Hiirrau 
cf A|cr|ieu 1 ttmM 
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i^LATe 7 




2. or AaAfUA tu chakquinoit-a district Panama. 

TInw i>|flfitJ, which UT tJAHit ]A tip^iiii bf lijij, w in Iht Mmo ftivvrj Ln I iifl-ju* (1 l^lu- 

ft*|ih twrtrty t-nttnl Cuminmr-^ 


1. Field df Abac A in Czmanduimdi-a District panama 

li-liiritH, Ahlrft ^fr fclpittf D nkiWIlbj hMiI. a*r p (lipit ijT ■ UDIINfti' Eilnnlljkjf wr lUillrtV IllJUlr lll> IUCS7. 
n'hii|iivNi<jiti FriJltnl Fmll CiHii|Miit\E 
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I IVi^^T OF eUNOUMiNON ABAjcA BEFORE PRUMIN** 2. MAT OF BUNGUUkhlOM ABAOA AFTeR RrUfUnO. 

nyiMi <jf timolufi, hMuIjij Lu HjeuiivLtia fiojii tmnh inai til Nil Ia iIhi Biinu^ mut itf fttimiA nhuw h hi i lir jim- luiki |h|ctnpi<, uJi pt 

Blirabw «r flMl Whlrfs IliU lfl«vJV InCTr.'tiHMl Hwi yil'HL ItlWIjr ul EilP RM^k^ JiBW IlH-tJ fT*TIfc!Jl Ml, lI'JiuEivniiilt o!nirt»^j' 

-nf ^WilPr M na¥* 'ibrd ntUMr^. I ratiftfSy rnlEiHl CulLiluiny.li 

ViilEt«i Kmll r'i.i|ni.HLinV 
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Plate 9 



I. IHTEPIOR OlT A FiREfT-PROCES^IMO PACTCmV, PANAMA 

Tlif «h«cA ilxLlicn vr Anl muituMl itiio 4 '^'hbuiltrt^^ wbkh Ibi^n pasn thiwiKli thv ilnwtjfAlJiit iiikIlLhh-, 
The; eli-uod Ahrf [■4AA41hroui!h mLlA ii t^tiPfi nrl LnH^IJjr ilrtH. wnl Iln4l|i>' h r I■t 1 ^t<)tffrx|^b 

cmirtrty PitItHi I mil (.’niojkyii "4 



2 . ARAcA Dgl^nTlCATINci MACmIA;E 

Tlw CTiwbnl iialia « ItwJ- fhfniisli ih*' Oen^krat^jai micUiu^ r»ffin.l dvct EftHf-ktHl ;u«|b 

tlb^ g|?tT b ^Irnnnl ^y A smpini vhlrJi trtnDVis 4^1 nml t^wv mAtnliU- tT'bitln 

Eripb ftiurtwy l-niiH Vtait ^^■!t^^HWly,l 
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PLATE 10 



1. CROSS SECTION OF ABACA STALK, 

Thu viJstpt lor Hm ^ iM'Sf »P ef ik tri ovwUppli^ 

wu oriElsAUj- Ibp nxj^ of K kflf. Tito iLtvi olSlMiEtod mAJaly trnW iCto giltar ponton of th«i lltonUai. 
(rimofnph KHLFlfHf UdJEhI FmliL Cojnpiyiy.} 






GROWING RUBBER IN CALIFORNIA^ 


By B. Ll Fxeet 

to the Directoff Mmerffmc^t Rubber Proieci 
U- Sp Fomt ^crvice^ Loe Angeteif C<tUf, 


rn^lth i pUtHi] 

Bdck m 1853 a plijietekn and Asmteur botanic nam^ Bigdow^ who 
was attached to the Meccan Boundary Surrejf coilocted a plant 
specimen new to him in the Big Bend section of Texas and ^nt it 
to Prof. Asa Gray of Harvard for idendfication. It was a low shruh^ 
something tike sagebrush^ with grayish-green foliage and amallf 
yellow, composite flowers. It was also new to Gray^ so he named it 
\Parthemum arffentatim and described it. 

But the plant was not new to the natives of that section and north- 
central Alezico, where it grew freely. They called it guoyule 
(y-o6deh) and had long Gmce dbooTered that its bark eontamed s 
gum which when extracted cotild be molded into a hall that bounced. 
It is said that whole communiti^ engaged in mass chewing of the 
bark for the purpose of making play balls. 

The gum rubber, and rubber was beginning to find ever 
greater demand in the United States. When the Centennial Exposi¬ 
tion opened at Philadelphia in 1S7Q the Mexican State of Durango— 
in the best chamber of cximmence tradition—sent s guayule exhibit 
in an effort, to interest Yankee capital, but the idea failed to take 
hold. In 1888, a New Jersey rubber firm, apparently under a misap¬ 
prehension regarding the true nature of the guayule plant, sent an 
emissary to Mexico to procure a quantity of ^guayule bark.” The trav¬ 
eler found guayule to be a S-foot-high shrub, but he was out of touch 
with his firm so he took a chance and shipped home 100,000 potmds 
of the entire shrub* His bosses were thoroughly disgusted, hut they 
(aboriously peeled the stuff, boiled the bark, and extracted whit 
rubber could be recovered by that means. The only bright spot in 
the whole business was the fact that the rubber was found to be of 
excellent quality. 


* bjr atnniciioEN, wita itfdiciiHiii inurbrnti^Bi, fr&ia Uw JoiLmBi ForwtiT. 

tbL €2, Ns- 5, Maj lOM- 
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ENPRHIMENTS IN EXTRACTION 

As a matter of fact, it was the ejrtraction diffictiUy that was holding 
back development of a guajnle nibber industry. Unlike the hevea 
tree, where the rubber-bearing latex is contained in perpendicular 
tubes wliich flow wlien severed, guaynle latex is stored in unconnected 
small cells so that tapping the plant releases an inconsequential amount 
of the fluid- 

The Indians chewed the bark, thus freeing the robber and ag¬ 
glomerating it in the mouth, but it was only after years of expoii^ 
mentation with chemical extraction processes that anyone thought of 
duplicating the chewing process on a large scale. Wm. A. Lawrence, 
a chemist who had been employed by some American capitalists to 
study the problem, and who also spent a couple of years searching 
for a diemica] solution, finally lilt upon the mastication process. The 
common *^pebble” or “ball” mill of the mining industry was found 
to be vlrtufllly made to order for guayule milling, and by 1904 the 
guaynle rubber business was firmly established in Mexico. 

A mill was also built at ManUhon, Tex., nbout 1909, and operated 
sporadically over a period of Boveml ye^irs. It was diamMitkd. in 
the twenties because the accessible shrub supply had nin out, but it 
is interesting to note the tnith of the old copybook maxim, Vircum- 
stances alter cases”—the Emergenej’ Rubber Pi^ject has just com- 
pleteci harvesting some 3,400 tons of slirub there, regardless of in¬ 
accessibility. Since the quantity did not justify building a mill tliere, 
the shnib wns shipped to Salinas, Califs, and proc^sed in the project's 
plant. It ndded alM^ut one-half million pounds of badly needed natural 
rubljer to the nation^s dwindling ^ock pile, 

EIXI'ERI^tE^rrPf IK COLTiVAirCOK 

The principal guayule operator in Mexico early began to wonder 
about the fate of the industry once the wild-shmb supply should 
become exliaustcd. The plant is native only to the high, arid plateau 
countiy from the Pecos River down through north-centinl Mexicoj 
where the average annual rainfall varies from perhaps S or 0 to 13 
c^r 15 inches, and where plant growth Is slow and reproduction scant 
and uncertain. Guaynle may live for 40 or 50 years* and it is said 
that the average age of shrub harvested is about 15 years. It is a 
poor competitor, hence grows only on sites not pre-empted by other 
plants, such as eroded hillsides and ridges. Thus the plant occurs 
in rather sparse stands in scattered patches, and on the open range 
is not potentially a crop such as to intrigue a prudent husbandman^ 
Various attempts to improve reproduction fay seeding, and even 
by rough tillage of the eoil, proved ftnitless. 
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So the company decided to try domesticating the plaiit« It eni* 
ployed a young botanist, iJr. W • It- SIcGallunif and told him to go 

ahead. . . 

McCailutii started out on the oompaiiy’a property in Mexico. The 
revolution broke out in iDig, however, and after the contending forces 
had chased each other acros his experimental plots a few times 
the researcher pulled out in disgust for southern California. He 
settled first at Valley Center, and here, too, the project has just 
finished harvesting shrubs planted in 1913-1914. Ho shortly decided 
to grow the crop under irrigation, however, and moved to southern 
A.rizona. He finally concluded that this was a mistake, but dining 
the Several years he was there McCallum set out experimental plots 
from northern Califcniiiv through southern Arizona, New Mexico, 
and southwestern Texas. On the basis of thi^ plots he finally decided 
that the Salinas Valley of California was the place and in 1925 moved 
his headquarters there. In 1931 a tnill was built und during the next 
10 years some 4,500 acres of guayule were growu and milled. 

During that period of nearly 30 years, Dr, McCallum had con¬ 
siderably improved the productivity of giiayule. On Lta native range 
the pUint in almost cuuntless rallies or Eomo very 

gcHxl and others exceedingly poor» By a process of selection lie weedod 
several hundred sti'ains down to a dozen or less of good producers. Of 
these, four form the nminstay of pixiduction^ poesei^lng among them 
cort^iin other attributes requLmi to meet vary'big conditions of ske. 
He also worked out methods for propagating the plant and growing 
it, and other employees of the companiy designed machines for seeding 
the nurseries, setting out plants, collecting seed, and harvesting sbrnh. 
The so-called Stevenson plan of controlled exports from the Orient 
had forced the price of rubber up to a higli in of $1.23 per pound, 
which made of guayule a potential gold mine. 

With the abaitdoniiient of the cartel and the coming of the depres¬ 
sion rubber prices sank to a disof^troue low of ^ cents in 1033, 
which ellectively ranked guayule witli the other bursted bubbled of 
history. Some guayule fields were burned or plowed up by the con- 
tj'acting farmers, but those who held on came out fairly well since the 
price rose again as the market regained equilibrimn. The Ifew York 
price of plaotiition rubber was 22^ cents at the tune of Pearl Harbgr- 

THE GOVER^CMfiNT ffTEFS IN 

With true scientific detachiueut Dr. McCalluni kept plugging along 
through thick and thin- When the war broke out aad the Government 
began casting about for every possible source of rubber, he had in 
storage 2S,000 pounds of seed from hi^ prize strains. 
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It was this seed that the Ckivenunetit waa principally after when 
the deal was made to take over the IntercoDtinantal properties. The 
deal had been in the making even before the outbreak of the war. 
Kepresentative John Z, Anderson of California bad introduced a bill 
on June 12, IfHl, for that purpose, bat nothing cante of it. When vrar 
was declared he reintroduced it and on March 5,1942, it became law. 
It provided for purchase of the Intercontinental properties and pat¬ 
ents in this country and the growing of 75,000 acres of guayule. The 
company received $1,721 ;235, 

With the signing of the Quayute Act there was launched an epic of 
construction activity that 1 am sure has not been topped during the 
history of this country's war effort. The time was already at hand 
when tlie guayule seed must be sown and there were no nurseries in 
which to BOW iL 

Under the dynamic hand of Maj. Evan W. Kelley, sent from his post 
as r^ional forester at Missoula, Mont., to head up die jnb, and the 
organizationa] genius of Paul & Roberts, erstwhile director of the 
Midwestern Shelterbeit Project, that situation was soon remedied. 
In the face of almost Incredible difficulties in respect to procuring 
material and help, 600 acres of nnrsery land were leased, leveled, 
equipped with overhead irrigation, buildings, and windbreaks, and 
seeded. A thousand-man labor comp was constructed and equipped, 
and 005 acres of fields were planted with stock ready for transplanting 
in a small nursery operated by the company. And over all was the 
necessity for recruiting, often sight unseen, a corps of men who knew 
nothing about guayule but could nevertheless be trusted to go ahead 
largely on their own without disastrous consequencesL 

The author can record all these heroic achievements with perfect 
modesty; he was not there until they were nearly finished. But the 
record speaks for itself. The 23,000 pounds of seed got into the 
ground in time, and in due course, while everyone bung bi'eathless 
over the beds, emerged as some 300 million healthy plants. Carpen¬ 
ters on the camp job kept one jump ahead of incoming laborers, and 
the organization—mainly by virtue of the 7-times-a-wcek “breakfast 
conference"—managed to correlate its myriad activities into some 
ambiance of homc^neity. Salinas is a small town, so personnel 
l^gjed wherever it was lucky enough to find room, and the project's 
offic^ were at one time scattered out in H places, including cottages 
on the edge of town. 


HANDLINO THE NtTiaERT CROP 

When the guayule plants came up in the nursery beds, weeds came 
sines the young rubber plants sUrt slowly, there was a giant 
w«dmg job on hand. Some 3,000 people were engaged in that back- 
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6reRbu]g activity at the fceight of the c^tpaign^ half of them women 
and girls recruited from the town and surrounding country* Weeds 
are ^ed in tlie nurseries with oil sprays now, but there was no time 
to experiment then. 

All this frei:^ed activity subsided somewhat once the nursery crop 
got established^ but not for long. The TOO acres of ^ayule fields taken 
over from the company^ plus that spring^ plantings and even the 
nursery beds^ be^n to ripen seed. The company had developed a 
mechanical picker, but it whs wasteful of seed so again a large labor 
force was recruited and put in the fields with brushes and trays col¬ 
lecting seed. Wlien it became obvious that a larger quantity of seed 
than had been expected was going to bo harvested, Congress raised the 
75,000-acre limitation on the planting program to MO,000 acres, 
and once again the project went into a high-speed nursery-biiilding 
program. 

With the hope that a crop of seedlings could be grown during the 
winter, two groups of nurserieSj each comparable in mts to the Swiinas 
lay-out, were constructed in southern California* In order to have a 
completely realistic unit of meo^renient in connection with nurseries 
a standard “bod” was established, being 4 feet wide and 400 feet long. 
Thns, tlio Salinas nurseri^ contained 12,000 beiis, while those at Indio 
and Oceanside contained 0,900 and 11,100 respectively. Later, & 
6,000-bed nursery was built in the San Joaquin Valley, one of 3,000 
b^ near Les Cruces, N, Mex., and two of 1,500 beds each ill the Salt 
River Valley of Arizona and the lower Rio Grande Valley m Texas. 
We hod a total at one time of 45,100 beds, sufficient to produce stock 
for in annua] planting progtam of about 200,000 acres, assnmlng 
that the southern California nurseries could be double-cropped. For 
the benefit of those who may have difficulty In thinking in terms of 
“beds,” these nurseries occupied a net area of about 2,000 acres, all 
equipped with overhead irrigatiom 

BETI^IDNS IN FROOBAM 

It will be noted that a good deal of this latter discusaion has been 
in the past tense. Actually, some of this acreage was never seeded, 
some of it has been dismantled, and doubtless more of it will be. In 
the q>ring of IMS tlie rubber director advised the Secretary of Agri¬ 
culture that in his opinion the rubber situation no longer justified 
diversion of highly productive farm land to guajule, and later, by 
arrangement between tliem^ the pmgram was curtailed to a total field 
acreage of about 32,000, that being the amount of land then planted 
or on which the Government had commiimenLs which could not be 
released. 
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Th#r« were a number of reasons for this action. Anxious to pro¬ 
duce rubber as quickly as possible, the project bad settled on a policy 
of leasing: only goraj land, mostly irrigated, and rental values of such 
land had soared under the impact of war demands for food. Since 
the project plan called for lO-year leases, it wanted to get the land 
at rates not too greatly reflecting the war boom, and getting into 
agreement with landowners on that basis was difllcult. Dissatisfac¬ 
tion resulted, which found expression in questioning whether 
guayule was of greater value in the war effort than tlie food crops 
whidi could bo grown on the Istid. 

In the meantitne, tlie synthetic rubber program had developed better 
than probably anyone had dared hope for, and tlie winds of the Pacific 
conflict hart ^gun to veer around in our favor, holding out hope that 
the Japanese might bo driven out of the rubber plantations earlier 
than previously expected, Altogetlier, the rubber director felt that 
the guayule program should be suspended at the existing level, but 
held in a “stand-by’’ position in case anything sltould happen to require 
resumption later on, and the Secretary naturally was constrained to 
accept his judgment in the matter. 

Later, the rubber director requested that the program be resumed 
on a modified scale to produce 20,000 long tons of rubber per year, 
but by that time Congress had gotten out of the mood. The Hfiuse 
Appropriations Committee refused to approve tho expansion, takitig 
the stand that tlie added rubber production could not bo realized 
before the probable end of tho war. 

So at this writing the Emergency Rubber Project has simmered 
down to tho growing out and eventual processing of gome 32,000 acres 
of guayule, growing ill five districts in California—the Salinas Valley, 
upper San Jonquin Valley, lower San Joaquin Valley, Sacramanto 
Valley, and southern California. In addition about 120'indicator plots 
and other experimental plantations are scattered from northern Cali¬ 
fornia through the Southwest to the Gulf of Mexico. 


GUATULE AS A RUBBER PRODUCER 

Now a word about guayule as a rubber producer. As noted previ- 
ou^y guajnile rubber has been on the market for 40 years or so lu com¬ 
petition with hevea rubber, though it normally sells for about 20 per¬ 
cent less. The reason for this le that the resins in the plant become 
muted with the rubber in tho milling process, the resin content running 
16 percent to 20 percent nr higher, depending on the age and 
othw charactwistics of the shrub. -iVhile means of deresinating the 
™bber arc well known, the producers have never had anv incentive to 
doBo, the product has found a ready market for purposes where the 
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resm is lust disadvantagrous, and to dei'esinuta it would merely reduce 
the volttnic so as to coiiiiteibalttui^a the incrciise In price* 

Geitiug the best returuK from guayule uuder cultivution is subject to 
H coitsiderable amiy of variables. Harvestitig and milling costs 
pend largely on llie aiiiouui of slu'ub that must be processed to obtain a 
|K>und of rubber, and big shrub with high rtibber content is an elusive 
combination. It is when growth slackens or b suspended because of 
lack of moistui^"^ cold Aventhcrj or some similar circumstance that rub¬ 
ber percentage begins to rise. The theory is tliat the carbon fixed by 
the leaves is largely used up iu growth and seed production when 
cnviruniiueutal conditions are favorable for those functions, but wlkcn 
conditions aie unfavorable and growth and flowering slow down or 
stop, the plant, continuuig to us$Uimate carbon, seeks to store it in some 
appropriiite form* The compound chosen happens to be the pure 
liydrocarbon, rubber. 

Thus, if you attempt to force the plant too hard, as by irrigation, you 
get a magnificent shrub, but one containing a low percentage of rubber. 
The reoison Dr. McCallujn chose the Salinas Valley for guayule grow¬ 
ing is that there is an invariublo alternation of wet winter and sprmg 
with a long^ diy summer and fall, thus automatically affording the 
cond i ti ons necessary for both plant grow tli and rubber deposi tion. On 
imirrigated land there, the optlmuin rotation, from an economic stand¬ 
point, appears to be about 5 years, and at that age a good field may 
produce up to 1,800 pounds of rubber per acre. 

Under irnation, where unseasonable rainfall dose not interfere, 
this rolution may be dtortencil by properly manipulating the irriga¬ 
tion water. Under the stress of the original program it was planned 
to grow it only 2 years under irrigation, spacing the platit 4 $ closely 
(28 inches by 20 inch^) to obtain optimum volume on the land. This 
rotation is not considered economically sound, timugh acttinliy there 
has never been sufliciciit infornmtion collected on the behavior of the 
plant under irrigation to justify definite pronouncements on the 
subject. 

EESflAnCH PROGRAM 

That subject is being studied noiv, aiid incidentally one of the bright 
Kpot^ of the program is tbe fact tliat a magnificent job of research is 
being done on it. WTitle the operational phases of tlio project are 
under the direction of Paul H. Polwi’ts, who succeeded ifajor Kelley 
wdicn Kelley returned to hi a post at Missoula in 1&43, the Bureau 
of Plant Industry, Soils, and AgricuUunil Engineering has a corps 
of $cientists under the able leadership of Dr. A. C- Hildreth following 
almost every imaginable line of investigation in connection with the 
plnnt itself; and the Bureau of Agricultural and D^dustrial CheniUtry 
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has A large pilot plant and laboratory seeking bettor methods of rub¬ 
ber extraction, under the direction of F, Macdonald. , . , 

Dr. W, G. McGinnies of the Forest Service heads a divmon which 
has made an almost f oot-by-foot survey of the probable range of the 
plant, determining and classifying tbe areas adapted to its culti^, and 
studying the behavior of indicator plots. T. P. Cassidy of the Bureau 
of Entomology and Plant Quarantine has made an intensive study 
of the plant’s insect relationships. Other metubers of the organiza¬ 
tion have invented or improved cultural machinery, induing a new 
and simple seed^ioltecting machine which enabled the project to har¬ 
vest more than one million pounds, rough weight, last season. 

Past research in plant improvement has been confined almost en¬ 
tirely to selection among varieties and strAins, but tbe geneticists^ are 
now tackling actual breeding up of the planL It has cer^in peculiari¬ 
ties that promise to challenge their ingenuity, but there is every reason 
to suppose that the plant is susceptible of considerable improve^t. 
It is very choosy about its site requirements^ it demands a friable, 
well^rained soil and contracts various fungous diseases if conditions 
are unfavoroble. It also does not like temperaturea much below freez¬ 
ing. These characteristics greatly restrict its range, of course, and 
the scientists are investigating the possibility of increasing its tolw- 
ance in those respects. 

BUBBER-EXTaACmON PROCESS 

Tbe rubber-eitraetion process is virtually the same one the industry 
started out with 10 years ago, and while it recovers a satisfactory pro¬ 
portion of the rubber from the sbmb, it is cumbersome and expensive 
and also miles with the rubber foreign substances that the processors 
TTOuld very willingly dispense with. Bricfiy, the milling process ia 
about follows. 

After being dug or pulled out of tbe ground, the shrub is cur^ 
in the field S or 3 days, tiien baled and stored till needed. In the mill, 
it is chopped up and the chips dried down to about 15 percent moisture 
content. It ts then crushed, mixed with water, and fed into a series 
of pebble mills. These are revolving tubes lined with rough silica 
bricks and about one-third filled with flint pebbles. The pebbles cas¬ 
cading down the w&U thoroughly macerate the material in the slurry, 
freeing the rubber from the fiber. The slurry ia then discharged into 
a vat, where tbe water-logged wood sinks and the rubber floats and 
is skimmed off. After certain other cleansing operations the rubber 
ia dried and pressed into 100-pound cakes. 

The mill at Salmas, which is capable of handling about 30 toas of 
shrub in 24 hours, cost some $20T^HKI to build in 1931. There ia not 
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much doubt tlmt the chemists and cn^neers will considembly improYe 
this process and Uiey may revolutioniM it, 

Nothing has been done about possible byproducts so far, though 
there ore some interesting possibilities. A nmnber of c^ntial oils 
have been extracted from the plant experimentally ond it is nch in 
remns. The bagasse, or Y?oodj pulp whicb Temains after extraction, 
is sometimes used as fuel in the milla, but it may hnYe higher uses 
that. It is too finely ground in the pebble mills to be much good for 
pajter, but a very good-looking hard board has been made experi¬ 
mentally by miiirg the resinous leaves of the plant with it and sub¬ 
jecting it to beat and pressure. No data are so far availoble regarding 
its properties or practicability of njanufacturej but ocrtainly there 
will be a vast amount of the raw materials if guayule is ever grown 
on a commercial scale. 

THE FnTCIlB OF GU.4YITI.E 

And Hint brings us to the question of the future of guayuk, once the 
Japanese have been ousted from the rubber plantations of the Orient. 
Can it compete with the East Indies product! And how aliout our 
enormous new Eynthetic industry 1 Only a grade-A prophet would be 
qualified to speak with any certainty oti tliat subject, Thenu are too 
many unknown quantities. But here are a few considerations to 
speculate on. 

1. No one knows yet the cost of producing guayule rubber on a 
commeivial scale. While the Intercontinental Co. grew a few thonsatid 
acres of it over a period of several years, both for its own account and 
under various forms of contracts with farmers, Hicre ia not a sufficient 
volume of accumto records upon which to base a reliable cost figure. 
One thing is reasonably certain—“it cost more than E!ast Indies rubber 
did before the war, but balanced against that is the virtual certainty 
that the researchers will radically improve guayule cultural and pro¬ 
cessing mediods and probably the plant itself. Incidentally, they 
already have improved the quality of the product, so that the industry 
has come to prefer guayule rubber turned oat by the Salinas mill. 

2. It is uncertain what the plantation rubber situation will bo after 
the war. Since the Japanese have no use for the entire normal output 
of the plantations they may clear off part of them for other purposes, 
or at least neglect them ami let tlicm revert to jungle. Or they may 
try to destroy them in a “scorched earth'" attempt before they leave. 

In any event, a ruhber.starved world is going to require an enor¬ 
mously abnormal amount of the substance for a while at least, which 
of coutao will tend to hold the price up. There does not seem to be 
much prospect for any very cheap rubber from abroad, for some time 
at least. 
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3. The speed with which the synthetic rubber industry has been 
(levclojied ranhs ntnong the major mirnclefs of our war effort, hut there 
(iro some flies in that ointment, too. Tlie principal one is that no one 
has 30 far been able to comt>onnf1 a true synthetic rublier, and the 
substances which are being used to substitute for the natural product 
lack some of its rirlues, N'ormally about TS percent of the Tubl)cr used 
in this country goes into tires, and the synthetics are not as good as 
natural rubber for that purpose. Mixing the two helps a lot, and eren 
German lines captured today assay a goodly percentage of natural 
mblier. 

On the other hand, synthetic mblwr Is better for some purpose than 
the natural product, so there will always doubtless be ti market for a 
certHin quantity of it rf-garfllcss of the availability of emdo. Specific 
cost fipires have not yet been relenfiicd, but its proponents freely 
predict that it will eventually get onto a competitive basis with 
plantation crude. Tlien, too, the chemists are working desperately 
to Improve their product and there is always the chance that they 
may develop a qmthetic equnl in all respects to natural rubber. The 
fact that the Germans have not done so in 30-odd years of eiperi- 
mentotion. is by no means proof positive of its impossibility. There 
is a lot of money and human ambition tied up in this huge, if still 
embryo, industry, and you can wager that a tremendons struggle will 
he made to avoid having to jnnk it after the war. 

4, When the war is over, one school of thought will lie certain that 
M E must never again become dependent upon a rubber supply thou¬ 
sands of miles over the sea. But another will be equally insistent that 
we must buy rubber from the East in order to sell goods there, ^Thich 
will be the stronger no one now knows. British thought oji the subject 
seems to foresee a compromise whereunJer both ends will lie served. 
We would buy some rubber from the planlationa but also maintain 
sufficient domestic production to provide for a quick exi>iuision to 
self-sufficiency if necessary, 

WHAT PRICE ODATHLE? 

So what price gnaynle? Standing between a TflO-minion-dollar 
synthetic colossus on the one hand and a miliion-ton-per'annum hevoo 
giant on the other, it is apt to be trampled under foot unnoticed. And 
yet, there is an excellent chance that it may be one of those rare stones 
capable of Idlling several economic birds at one fling. There is no 
doubt cilxmt the quality of the product, and in conjunction with our 
best ayntheticB it could serve all our rubber needs. We would have 
a source of rubber, to quote the Baruch report, “which could not be 
lost to us short of conquest of American territory." We would have 
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a toagb, drought -resistant crop for a section of the country which 
call very handily use inat such a new cash crop in normal times. T(\ e 
would have a new industry for the employment of American labor aiid 
capitah 

Maybe none of those eoTisiderations will ho strong enough to pre¬ 
vail against the natural urge of a ration-weary nation to cut all sp^u- 
lation and head for the shortest road back lo normal stock piles. 
’Whatever else is done, though, it w ould seem to be the part of coniinoii 
sense at least to continue a strong program of guayule inarch, and 
on a sufficient scale to test its possibilitlea under conditions of com* 
mercial production* There is still a vast deal to be kerned about 
guuy^k% in fact we are only at the threshold of the subject. Kubber is 
one of our really dangcroue national daheiencieii and wo ougliL not to 
overlook any beta where it is concerned* 

POSTSCRIPT 

A great deal of water has gone over the guayule dam during the 
iiilatively brief time since the foregoing was published, m May 11^44- 
Another high peak and another very low valley have been added to 
the already e^fitreuieiy eccentric chart of the Emergency Bubber Proj¬ 
ect’s history. 

Early in 1SM& the naiural-nibber situation became so acute that a 
conmiltee from the rubber industry surveyed the guayuk fields and 
icconimeiidcd the immediate harvest uitd milling of the entire crop, 
regardless of its imiiutturily. I’our new milla were to be built by the 
Governuient and oiwrated under contract by the Fir^tone Tire & 
Itubher Co. 

Pneliminary work on the new program waa well under way when the 
Japanese war ended. On the theory that natural rubber from the 
Orient would Jdhottly start flowing to America again, and considering 
the admittedly uneconomical nature of the proposed expaiision, \vork 
on it was stopped. E'Or the lime being the project re verted to its orig¬ 
inal plan to continue with on orderly harvesting of the crop, but in 
Uie general clean-up of outmoded w ar projects it was decided to wind 
up its affairs and clear the remaining Si!7,tXM} acres of land for return 
to the owners* 

Tliua is spotlighted the national security values of gnaymle. While 
it happened that events bmke in such a mannor os to make xt seem 
desirable to not harvest some 85 percent of the guayulo crop, if the 
^Yar had continued even a littla longer there Ls no doubt at all that 
the rubber in it w'ould have been worth alinoHt ite weight in gold. 

Another event of great potential significance to guayule culture was 
the introduction in Congxiess of whi^t is known os the Foage bilL In 
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1944 A Souse Committee headed by Representative Foage of Texas 
made a study of the project and guayuJc growing in general. The re¬ 
sult was introduction of legislation designed to promote guayulo grow¬ 
ing and proccssii^ by private enterprise. The bill, which passed the 
House but at this writing (December 1(HS) is still pending in the 
Senate, provides for a support price of 08 cents per pound for do¬ 
mestically produced guayule rubber for a period of 10 years. The 
benefits atw restricted to a total of 400,000 acres during the period, and 
to lOO per grower per year. It also provides for continuing re¬ 
search in connection with guayule and other rubbar-benring plants. 

While guayule development ^lems to be stalemated in this country, 
for the time being at least, the project gave impetus bo its development 
elsewhere in the 'Western Hemisphere. The Continental-Mciican 
Rubber Co., oldest and largest of the wild-guayula operators in Mexico 
has launched a large guayule-culture program, using initially 
60,000,tK)0 plants supplied by tlio Emergency Rubber Project. A 
smaller cultural project in Mexico was started by the General Tire 
Rubber CJo., which built a mill there during die war. Argentina 
bought 5 tons of guayule seed from this Government, and is negotiat¬ 
ing for the purchase of seeding and trajisplanting equipment 

So our bumble desert shrub, after thirty-odd years of rather dif¬ 
fident knocking, seems at last to have gotten its foot into the door of 
the Western Hemisphere’s rubber business, Wiietlier or not it will be 
able to stay r ema i ns to be seen, but at least its chances have been vastly 
improved by the intensive research to which it has been subjected 
during the life of the war-bom Goremment project. 
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thinkikg about race^ 


By Sw Lk. WABHEuaH 

CoHeen of Phttttciant ni«I SiirpWiiH, Cofifnitra FtiWeriifflf, If eta Torh 


Recently the subject of race has teen lifted from comparative ob¬ 
scurity to" the headlines. Koii racists have asserted the fabulous su¬ 
periority of one cacC) while the Japanese have claimed pre-eminence 
for their quite different phj'sical type. On tha other hand, people ap¬ 
palled by Nazi misuse of the idea of race have made nearly ss absurd 
claims about the noneiistence of varieties of iZomo tapient. For ei- 
amplc, a recent paper started by claiming that there are no differanoes 
of functional importance between living races, and prodded in the 
same paragraph to proclaim the value of dark pigmentation to people 
in the Tropica, 

It is extremelv difficult to try to give an unbiased presentation when 
emotions are involved- Therefore in this paper I have tried to present 
ways of thinking about race rather than any particular clsteiScatioiik 
I hope that the methods outlined will aid the reader in evaluating any 
racial system and will help to clarify ideas concerning race> 

In the first place, as has been repeatedly stated, races are groups 
which are distinguished on the basis of inherited anatomical charac¬ 
ters. Race has nothing to do with language, religion, nationality, or 
social habits. Race is an expression of nature (inheritance), not 
nurture (learning). Tozaer (1331) * * has given an excellent account, 
well worth the attention of anyone wanting more information on this 
fundamental point. P^chotogical differences between races are 
probably nonexistent, according to Klineberg (1335) who has made 
an exhaustive study of this subject. 

Since racial classification Is an anatomical conception, one might 
think that anatomy would play a large part in discussions of race- 
Actually the extent to which race has been discussed reeendy with 
almost no mention of anatomy is eurpriaing. For example, Kline- 
betg (op. dt.) in the section of his book devoted to the biological 
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approach to race, pays Httle attention to fo^l tlie antiquity 

of raocs, or the work of any recent anatomista. 

The danger of discussing race without really trying to understand 
the anatomy of the situation is that one's eicainples will be irreleTant. 
and one^s logic faulty. As an example of faulty reasoning take the 
current statement that there are no important differences between rnccs 
because all races intergrade. Tina is like saying that there are no 
differences in intelligence because there is a continuous distribution 
from the lowest to the highest IQ. 

The best way to understand race is by a direct approach to the facts 
(Cobb, 1943) T that isi to the study of fossil man. comparative anatomy, 
and the purposes snd methods of classifiCHl ion. It is with those that 
this paper deals, 

THE NATURE OF RACIAL ClA.'ISTFICATIONa 

The descriptions of the various races may be regarded a^ a reHos of 
guidebooks to the anatomy of man. Following the guidebook analog}', 
tho content of the whole series of books equals present knowledge of 
comparative human anatomy. Since the subject matter of this ^ies 
of books ia continuous, tho beginning and end of each volume is arbi¬ 
trary, being determined by convonienco. This guidebook series is 
a iisefui wny of ^rting and cataloging anatomical information, and 
the descriptioiU'^^ich the books contain wore written to answer 
questions which arose in mnu’s quest fnr knowlotlgo aud understanding. 

Tlie practical value of the anatomical descriptions which the books 
contain will become clcfircr aa they are used* For example, we find 
that the volume entitled ^'Europeans^' is especially useful because 
there are over 700 nnllion people to whom this guide applies. The 
vnhime on "^Mongoloids” includes over GOO million [W^pJp- Tliese tvro 
guidebooks alone describe two-tbirds of the people iti the world, and, 
therefore, they are the most useful ones we have* There is anotiier 
book callcfl “African Negro” which covers some 100 million. Then 
there are a number of slim volumes w hich describe types auaiomically 
distinct enough so that it is useful to have separate guidebooks for 
them, but which are not numerous. Two such volnmes would be called 
“Australian-Melntiesian” and **Bushm an-Hottentot.*^ 

Still there would be a great many people for w^hnin no guidebook 
is avail able. Some of tliese are put in appendices or special chap- 
ierSi Some have been shifted about Tvhen new information showed 
that they would fit better in a different voluine. Migrations and sub- 
salient crossing are creating new situations which the old volumes 
did not cover* The guidebooks, of course, will need constant revision 
to keep them up to date. 
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The usefulnes of racijil descriptions depends on the fact that the 
ninjoritv of the pt'ople in the world eon be easily clBssified. There 
are intergrndes between the types, but these people ore less numerous 
than those to whom the descriptions tipply. It should be remembered 
that classifications are not objective orderings of pure knowledge but 
are made by men for sonte purpose. Eaeinl clftssifications are made by 
men who are trying to understand human nnatoniy. Since anatomi¬ 
cal clnssificntions luiTe been made by many men in different periods, 
a brief account of the history of attempts to classify man will prove 
useful. Ill each era we will be concerned with pui’poscs nnrt methods 
rather than nomenclature, because the names of races are only sym¬ 
bols for describing results. 

Tlie earliest racial classifications were the result of the discovery 
til at there was a variety of different kinds of men living in different 
parts of the world. These long antedate Darwin and the rise of evolu¬ 
tionary thought. Since these classificafiona were based on pictures 
find what travelers saw, they were supeiffeial and used such traits as 
color and hair form onl}', .Scientists saw thnt the populations in 
various parts of tlte world were different and sotight to give a few 
characters by which the different peoples could Iw recogniirf. The 
purpose of (iese classifientlons was to give a key to the varieties of 
man. Tho mctliod was to group like with like as any keen observer 
could do without specinl training. Since the vasUPniut-iiy, of people 
believed in special creation and since the races of the world were so 
incompletely known that they appeared discrete, the races were de¬ 
scribed as separate species. 

The second stage in the histoiy of anatomical classifications arose 
in the latter part of the nineteenth century under the influence of 
Darwinian evolution. Tlie purpose of the classification of this period 
was to describe the evolutionary history of man. The method was 
thot of detailed anatomical comparisons. Bodies of individuals in 
different parts of the world were dissected. Great osteological col¬ 
lections were built up. It aoon became opparent that words like “tall,” 
“short,” or “liroad” led only to confusion, so vnrions systems of meas- 
ureinctit were introduced. These became 1 he basis of modem physienl 
antivropology. 

This second era marks enormous advance over the first from the 
standpoint of both ends and mcons. However, the scientists of this 
era knew nothing of genetics or of parallel or convergent evolution, 
and few fossil men had been discovered, Also before the use of radio¬ 
active minoraLs, the geological time scale was very short. The age 
of the world was supplied to be only a few thoiis.and yean*. 

The present era is hard to characterize briefly, because it is diflicuU 
to keep a perspective on one’s own ti me. T he mai n di ffcrences between 
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this and preTious eras [ie In die abundant^ of all sorts of data and the 
kind of theoretical Approach made possible by advances in biology 
and related sciences. 

The primal^ aims of recent classifications ate the same os diose of 
the earlier ones. TJie first is to describe various people of the world in 
superficial terms. The purpose of tliia sort of description is to destroy 
intellectual isolationism. One wonders how many of our soldiers in 
the Far East had any idea of Polynesians, Melanesians, or aboriginal 
Australianii before they went there. Some of these people eeem very 
different and queer when one meeta them for die first time^ The best 
way to keep one’s perspectiTB is to have a good idea of the differeiit 
races before being plunged into the midst of a foreign people. 

Granted that it is desirable for citizens in a democracy with com mi t^ 
meuts all over the world to have some idea about the physical diameters 
of the peoples of the w-orld, how is this end to be accomplished? It is 
impossible to consider each of the 2 billion persons in the world. 
Therefore some system of sampling is nccessaty. It happens that 
mankind does divide into great groups, so that A relatively small num¬ 
ber of individuals timy substitute for the entire group. One Bushman 
looks more like the nc^t Bushman than either looks like a European or 
a Mongolian. There is a great variation in each group. Baccs inter- 
grade and mix. Nevertheless, at present there is no other practical 
method of obtaining some superficial acquaijitance with what mnnkind 
is like from a physical point of view. The racial dassification is a 
simple sampling system which allows a student to become familiar with 
the Miperficial physical diatnctetu of 2 billion people in a rejimrk- 
ably abort ]>eriod of time. 

Existing races are the products of evolution, and a second aim of 
classification is to determine the relations of various races to fossil men 
and ultimately to other primates. The methods necessary for this 
purpoat are very different from those ivhich were adequate for the first. 
An understanding of comparative human anatomy b essential. Since 
fossils consist of bones and teeth only, knowledge of these parts is 
particularly importflnt. Studies of the different proportions of tlte 
body are best carried out according to biometric methods. Genetics, 
particularly of the blood groups, is playing a larger and larger port in 
studies of the living. 

•The utility of the classification which has resulted from intensive 
anatomiroI aiu] metrical studies is very great, and only a few ^Tnmp l^ 
can be cited here. It liaa made pc^ible tlie determinaticu of man’s 
place m nature with an ever-increasing accuracy. It has served as an 
md m hi^rical roconstructions, as in determining Ui© way in wliich 
the N ew World and Oceania were populated. It is of constant use in 
the anatomical laboratory where subjects of different mcep are dis- 


367 


thinking about race—washbubn 

seeled* For esampio, the facial muscles of the European, African 
Negro, and Mongolian are quite different (Huber, 1031). 
much the case that the student foUowing the description of the Euro¬ 
pean, which is in all the textbooks, may become eoninsed whan disse^ 
Sg non-Europeans. There are iitunerous diffcrances in the muscles 
and other soft parts, as siunmarized by Loth (1931), and in the pro¬ 
portions of the body and the skeleton (Martin, 1&28). shap^ 

differ, and this has a practical application in ohstfitrics (Caldwell, 
Moloy, D’Esopo, 1034 and 1938). Limb proportions differ enougl^ 
affect the sizes of uniforms (Davenport aud Love, 1021). Steggerda 
(1042) hi« shown the advantage of using ^parato height, weight, and 
age tables for different racial groups. 

The more global our national interests become the more use will be 
found for knowledge of the anatomical characters of races. When 
there are more medical schools in China or Africa, undoubtedly 
anatomy textbooks will be written wliich apply more directly to these 

peoples. 1 -.j. 

In Butumary, the comparative anatomist or physical anthropologist 

...inn^r operate without radal classifications because the® bring order 
out of the otherwise meaningless range of human variation. HoW' 
ever, these are anatomical classifications which are used for anatomical 
purposes. Since the ends are anatomical in nature, the methods used 
are anatomical. There ia no thought of leaping fi-om anatomy to 
intelfigence, language, or religion. A scientist takes the most direct 
route possible. If one wants to know about uxteiligenoe, intfilligeTice 
should be measured, not cranial capacity. If one wants to know about 
language, langiwgc should be studied, not head form. One gets out of 
a luLQ only what gjoes iu, altliougb the form may Imve changed. When 
anatomy goes In, only anatomy comes out. 

TBB antiquity OT EACE 

How shall we regard the races of mim I Have they been relatively 
independent for milliona of 3-6819 or are they modemT It used to be 
thought that the races represented relatively fixed types, some of which 
were much more closely allied to the apes thiin others. If any of tlie 
living races is particularly primitive, it should be traceable far bac in 
prebistoric time. How far back can the major living reces be traced? 

The skeletal remains which belong to the living raws are found 
bock through the Neolithic period (Polished Stone Age, earliest 
agriculture). Prior to that the situation was different. In Europe 
the round-headed people appeared near the end of the Old Stone 
Age. In Africa none of the early skeletal remains is typically Negro. 
In Asia Mongoloids seem to belong to late geologic time, but data are 
exceedingly scanty. As we go back in time, the picture is one of 
ch&Dge. 
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The fip[>eariiiicia of tho modem racos ooly 4 few thou^nd yeurs ago 
is so etiddeo that theories have been developed to account for it. This 
sudden appearance may be partly illusory. Skeletal remains are all 
that are available, and the soft atmetures, which are not pi'eservcd, may 
have been more differentiated, iViso data are lacking from vast areas, 
and so earlier representatives of the modem racial types may yet be 
discovered in these places. It has been argued ttiat the races must be 
verj' old to account for the degree of difference seen today, but rather 
than follow logic alone let us sea what the men were like who lived in 
the latter part of the Old Stone Age. 

In Europe (several remains of the Aurignacian period), in Africa 
(Boakop, Springbok), in Java (Wadjak), and in Australia (Talgai, 
Cohuna),* there have been discovered skulls and skeletons which all 
belong to tlie species of modern tWiW^ Romo napierut. Their limb hones 
are typically modem. They had, on the average, larger jawa, teeth, 
and brow ridges than living men but were not beyond the range of 
variation of living races. Here there is definite evidence of modem 
man spreading out over the worhl before the living races are recog¬ 
nizable. All these fossils seem to be of approximately the age of the 
latter part of the last Ice Age, 20 to 50 thousand years ago. Of course, 
dating is subject to great error. At least it can be said that they are 
much older tlian tlie earliest finds that can be assigned to living race% 
and much later than the groups of ancient men to be considered. 

In the Americas the evidence of early modern man Is not as clear 
as in the Old World. The earliest finds (Jlimiesotu, Lagoa Santa, 
Punin I see Roberts, 1043) differ from the later ones, and evidence seems 
to be accumulating that the men who first entered the New World 
some 25^years ago were a long-headed early type of modem man. 

Here is a commonly accepted hypothesis which will cover the niain 
facts of the last phases of man’s evolution. Somewhere in the Old 
World about 5Q,QpO years ago a generalized type of modem man de¬ 
veloped, Variations of tliis type spreud out over the Old World and, 
somewhat later, into the New. The groups that spread were small 
parties of hunters. It hae been estimated tiiat there were not more 
than 7 million people in the whole world at the hunting and gathering 
etago of cultuml evolution. Therefore, these groups lived in extreme 
isolation. This isolation made un ideal setting for the development 
of the local varieties which are called races today. 

Each of the major racial groups is characteristically located in one 
Whites, originally, were located in Europe, 
the Mediterranean area, and Uie Nea r East The center of Negro de- 
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velopment seems to ha^e been in the Congo and Wrat Africa, The 
Bushmen occtipied South Africa and formerly a good deal of East 
Africa as well. The Austral ian-Melanesian group occupied Australia, 
New Guinea, and adjacent islands. The Polynesians were late comers 
lo the island area (the era of the great migrations seems to have started 
about A.D, 800). Ttie Mongoloids were located in Eastern Asia and 
migrated into tlie Americas where they probably absorbed the earlier 
type of Upper Palaeolithic man. 

If such an hypothesis ia correct, ae many scienliuta think, the area 
where the greatest mixing has occurred and which is hardest to classify 
should be the most central one, that is, India. 

Dispersal followed by the establishment of local varieties hoe been 
called adaptive radiation. It has been sliown to apply to numerous 
mammalian groups and seems to apply equally well to man (Howells, 
lfl43). However, ufterthedispersionofmodern man, the development 
of agriculture and the enormous subsequent increase in ijopujalien soon 
changed matters. Childe (19S9} has written a most stimulating book 
on the relation of civilization to population. The population of the 
world increased from some 7 million in the hunting stage to over 9 
billion at the present time. As far ns race is cmiccrned, the result of 
this enormous increase has l«en tiie loss of biological isolation (How¬ 
ells, op. dt,). Small numbers and isolation sewn to!» necesaiy for 
I lie establishment of new types. Thcf^ conditions changed greatly after 
the introduction of agriculture and disappeared with the fabnious in¬ 
crease in population which followed the mdustrial revoltition. 

At present the characters of world population are being determined 
largely by mi-vture and differential hirtli rates. It is hard to see how 
new racial tj’pes can form under present conditions. It should be 
noted that the later phases of human evolution introduced new factors. 
While the earlier phases of man's biological progress can be treated 
just like those of any mammal, the later demand a knowledge of social 
factoni. It is for this reason that social and biological scientists must 
cooperate In tlie study of man. 

Granting that there was a dispersal of a rugged, generalized, m^- 
em man, from what type of man was be derivedt There is no question 
upon which there is less agreement among students of human evolu¬ 
tion. Some maintain that the modem type is of great antiquity 
(Onllcy Hill, Swanscombe skulls lend support to this view). Others 
feel tiial modem man is recent. The prevalence of other more primi¬ 
tive types until the latter part of the Ice Age, and the sudden spread 
of modem man at that time corroborates this hypothesis (to which the 
writer leans). However, there seems little doubt that the earlier 
Neanderthal men (Galilee, Ehringsdorf, Skhtil 6, Steluheim; see 
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WflidfiDroich, 1943), and tha SinartLhropus and Pilliccaathropiis types 
are ideal moipliological ancestors for modem man. 

These ancient men differ markedly from modem man. They ham 
much larger and more massive faces, lower foreheads, smaller average 
cranial capacity, and their limbs show characteristic differences. 
Whereas the early Homo sapiens fossils, if alive today, probably could 
pass unnoticed in the New York subway, one of tiieso ancient men 
would draw the attention of everyone. They were quite beyond the 
range of variation of modem man. However, they were true men. 
They bad large brains (compared to those of apes), human faces and 
teeth, and human limb bones. They wallred upright as we do, and in 
their morphology are infinitely closer to modem man than they are 
to any ape. 

Ancient man spread out, just as early modem man did. His remains 
have been found in Europe, Russia, China, Java, Palestine, and Africa, 
Apparently, ancient man never reached the New World or Australia. 

To which of the living races are these ancient fossils particularly 
closely related! To none. The major races gained their individuality 
long after the time when the earliest representatives of modem man 
lived. Before these earhest modem men there is a morphological gap, 
perhaps bridged by a skeleton from Palestine. 

If any of the modern races is particularly primitive, its remains 
should be found in early strata and should tte proportionately more 
numerous in more ancient dejxisitB. The only one of the modem races 
of which this would be at all true is the aboriginal Australian. The 
Wadjak, Cohuna, Talgai series of fossils seems to offer connecting 
links between early modem man and the Australian. Also of living 
men the Australian seems to have more in common with generalized 
early IIetna sapiens^ although the living Australians have evolved 
along lines of their own. They simplj seem to have changed less than 
the others. Even the aboriginal Australian is definitely o modem man 
^d lacks the peculiarities of the face and limb bone which character- 
ize aneient 


Since the existing races have a common ancestor in early modem 
man and since racial differencea cannot be traced back even as for 
as ancient man, what possible purpose is there in comparing living 
races directly to the apes 1 Let us see how long a history of com- 
^n ancestry tJic living races liave compared to the time they have 
u students of human evolution fed that man must 

have had an independent course of evolution ainoe at least tlie end 

WoJT'"' *^*‘’*'^ Gregory, Hooton, Keith, Osborn, 

T millions of years to thia. Early modem 

nSJd ^ thousand years ago (ronsidering the Pliocene 

E^™t ^ ® million yeaiB, the Pleistocene 1 million, and 

iiecent 2o thousand). Ut us be genemus and say that the mce» 
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distinct for 50 thouEand years, although all known skeletons of 
definite rsdal affiliation am not over 35,000 years old^ Taking a 
mmimiLm for the Icngtli of timo tliat man has been separate from 
the a|>es, and a masimmu for that during which the races have been 
distinct, the time during which all living people have shared a com¬ 
mon human ancestry is a hundred and forty Limes that during which 
any race has been independents To put tho nutter conservativciyj 
every living race has had at Least lOO times as much of its liuman 
ancestry in common with all the other races as it has had alone. Since 
what divergence has taken place is aU after the attainment of essen¬ 
tially modem morphology, it is iiard to see how any of the living races 
can be considered significantly more primitive than the others. None 
of them is dose to ancient man, let alone the apes. All are very mod¬ 
em products of the slow process of evolution. 

The genealogical tree which appears in many testbooks is com¬ 
pletely misleading. In this tree tlie races appear to have been sep¬ 
arate for a very long period of time, for most of the Pleistocene jieriod* 
In fact separate races are indicated as old as any definitely dated 
skeleton of man. Then, too, the time scale h completely misleading. 
The Pleistocene is indicated as longer than the Pliocene and tho Plio¬ 
cene than the Miocene. OmittirJg time or using b changing time scale 
is very confusing, snd Is such a frequent feature of genealogical trees 
that it d^rves special mention^ Only one of eight trees which I 
have before me keeps the time scale even approximately correct. The 
effect of seeing such a tree is that the stadent gets the unpression that 
the races have been separate for approximately one-third of human 
history* If this were true, there would imdoubtedly be great diff'er- 
encea between tliem. One should never use a chart on which the 
scale changes or is omitted, because tho student inovitably gets the 
wrong idea* It is hnpossbile to put both the divergence of the 
human line from the ape and the differentiation into modem races 
on any single chart. If the time from the divergence of human and 
ape stems to the present be represented by an ordinary pack of 5S 
playing cards placed end to end, aU racial differentiation would be 
on less than half of tlie last card This is one of the most important 
facte of human evolution, and the use of genealogical trees with 
changing time scales, on which the importance of all late events h 
exaggerated, has obscured it almost completely. 

The practice of comparing individual races directly to the apes 
should be abandoned. It Is usually done with the best intent to show 
that, although Uie White is more iibe the ape In one character, the 
Negro is In anctlier. But what this practice actually does is lo keep 
alive the idea that It is reasonablo and scientifically defensible to 
compare Living men with living apes for the purpose of arranging 
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races in some hierarchical order, T\Tiat meaning have these compari¬ 
sons wheu the races have nearly all their ancestry in common! 

Unless it could be proved that the living races dillered gn*al]y in 
their relations to ancient man, it h pure waste of time to oompnre 
them indlvidutilly to tlm apea to deteimiue which is the most primitive. 
It is sound biological practice to compare closely related aniiimh- 
first. In order to deterznine the rciation of a SheiLind pony to a Shire 
horse, no one would compare each to £^Iiippu$^ It is reasonable to 
compare Jiving men to apcti to determine how great is the anatomical 
divergence betiveen mankind as a whole arid apes« Similavlyi a 
modern horse might be compared to EoMppm to see how gj-eat a 
change there had been in horses since Eoceiio tinies^ 

Different characters ace appropriate w'ben dbicussmg diffeient 
stages in man's evolution. Since racial differences are small and 
recent, they are of no use in discussing remote phases of human 
evolution. !^lisunderstariding of this point has caused so much con¬ 
fusion that it ia worth giving two Ulust rations* X^iig-headednesa is 
often spoken of os being a primitive character. Since some gorillasi^ 
particularly from the Cameroona (Handall, are round-headed, 

it has been argued that long-headedness is not primitive* Now early 
modern man was long-headed, and the round-heads, which appear 
later in the fossil record* seem to bare been derived from the early 
long-heads. A character which changes so rapidly is of no usa for 
compnrisoiis with goHlloa. Note that the wonl ^^primitive’’ changes 
it^ nieaiiing constantly. One si>eaks of prindtive characters meaning 
those of (1) early modern man, (Si) ancient man, or (3) a| 3 e 3 , and in 
each case Lfie cliaracters are different. How vitally a little knowledge 
on rhis point is needed is well illustrated by a pamphlet which was 
published recently* The authors wished to prove the unity of the 
human mce. One of the two illustrations which they picked wtts the 
uuinhcr of teeth. The human dental formula is the same ns that of 
the a lies and Old World inonkeys* The other illustration (the num¬ 
ber of boijca and muscles of llie foot) is ocpially irrelevant* The unity 
of the living i^L-ea is proved by the anatomy of motleni mart, not by 
characters which are abated with hundreds of nonhuman prinmt^ 
and hitd tlieif origin at least as far back as the basal OIigo<sjne, 

If ttie record sliowed that tim groups which are now recog¬ 

nized nil racos had been sepai-ate as early as the Oligocene period, then 
the cleiititl formula would be a relevant consideration. The interpre¬ 
tation of the fossil record is the crux of all thinking concerumg the 
antiquity of race. 

In sumtuaiy, the most direct and important evidence tliere is on 
tlie antiquity and relations of races comes fi™ the fossil record. 
1 his evidence is being augtuenteil constantly by new finds. Therefore 
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we are ^r€] that tlie contmned stMdj of fossil iRfin will give clujArer 
insight into this problem, 

TB3NKTNG ABOUT RACIAL PEOBLE^IB 

JJp to this point I have tried to present a view of racial clasalGcn- 
tions which stresses ends and methods, and have tried to interpret the 
fossil record to give n perspective on the antiquity of races* Naturally, 
in a sliort paper it is impossible to do more than indicate a point of 
view. 

I do not believe that an understanding of the anatomy of race 
will settle the fiocial problem of racial discrimination* I agree en¬ 
tirely with Benedict (1&40) that this is only one part of die more 
general problem of social discrimin^ition. NcvcrthcIesSj if racial 
elassincations are to be discussed at all, it is necesary to try to under¬ 
stand them first, and then to evaluate. Making serious errors is the 
price which one pays for disetissing race, without trying to understand 
the anatomical situation. One can imagine Nail biologists laughing 
with delight if pamphlets containing mi^tatements are translated 
and sent to Germany after the war* There is no easier way to discredit 
a whole point of view which one does not like, than finding one or 
two glaring errors. Therefore, if we ai;^ to diJ^cuss racial m^tterw 
with the Nazb, we had better be right. 

The following section of this paper is devoted to the analysis of a 
scries of problems which Imve risen repeatedly in recent discussions 
about race* In each section my aim will be to tiy to clarify thinking, 
not to supply final answerR* 

HEAD FORM AS AN INDICATOR OF RACE 

It has been said recently that the form of the head (cephalic index) 
is ui«lc^ as an indicator of race. This is claimed because both 
broad- and long-heads appear in Negroes^ Mongolians, and Wliitos. 
Now instead of taking an ateolutist point of view, let ris consider 
the history of Europe for a moment. The early men were long¬ 
headed, The migrations of round-headed people came from the east. 
Some of the^ migrations are historically documented and recently 
Candela (1042) has shown how certain ones explain the distribution 
of blood^gmup B in Europe. The shape of tha head is one- and only 
one, of the anatomical features in which thisse migrants differed from 
the earlier peoples* In considering the changes which have taken 
place in the population of Europe, the cephalic index is useful. From 
the pragmatic point of view, it is quite irrelevant whether the Index 
13 usafnl in any other problem. We are not trying to prove whether 
the cephalic index is gofxl or had in an absolute sense, but are merely 
asking whether this index aids in unraveling a ^all part of the 
complex history of Europe. 
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There is nothing magical about the shape of the kead^ SometimeSr 
along with other characters, Jt h useful in racial cla^hcatbn. The 
point which should be stress^ is that head form is not good or bad in 
an absolute sense, but useful or not useful, in a particular situation. 
Without knowing the situation^ one cannot judge. 

The pragmatic point of view is essential both in judging single 
characters and whole classifications. For example, it has been said 
that racial class!&cadons mean very little because the races intergrade 
ao that all people cannot be classified. From the practical point of 
view, the question is whether enough people can be easily classifi^ m 
that racial classification is useful. 

GHNUriCS, PHflNCrm^lCAL ANI> amOTYFJOAh Cr.AaSIFlCATIONi^ 

Geneticists and others have suggested that the classification of man 
should be based on the primary units, the genes. 'Fhe classifications 
we have now are based almost entirely on phenotypes, that is, adult 
struct lire. 

It ohould be remember^ that, as mentioned previously, the clari¬ 
fication of adults Is now useful to anatomists and many other people. 
The obstetrician cannot wait until tlie genetics of pelvic type is known 
before motiTig a delivery. 

Since at the present time there is no genetic dasaification of man, 
the main question seems to he whether future knowledge of gene- 
frequency distributions will substantiate present classifications. My 
belief is that it wiU, as far as the major groups are concerned, but that 
Subraces which do not breed true and are found only in mixed popula¬ 
tions will never be reconciled with genetic theory. The blood groups 
are the only traits whose mode of inheritance is known and which have 
been studied extensively in many parts of the world* The distribution 
of the blood groups allows marked regional differences. For example, 
group O is very frequent among American Indians^ and group B 
ainong the Cbinaae. That the same genes are pr^aent in all races but 
in different frequencies seems probable. Only the future will t-ell, and 
the sooner the genetic information is available, the better for all 

THE MEANING OF THB WORDS ^liACBT' AND * SPECIRS^ 

Some wntera have tried to settle racial problems by substituting 
another word or words. This represents the opposite pole from that 
stressed in this paper. We have already seen that ^^primitive” may 
have a variety of meanings. After all, words are only symbola, and 
it is enda and methodfi which am the framework of science* If people 
want to U9B other words instead of “racc,^^ of course thiy have a right 
to do BO. The danger is that changing words may appear to solve 
problems, when it only obscures the fact that wc are doing the same 
^ before. The word **raice" has as itis4iy diflereut menuiiigs 
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H6 there are methods used to sort raoei Some groupings are based 
on much knowledge and some on rety little. Some are imdoubte<^y 
Ti/tnttBiigA fifom any point of view. Vocabulary can be multiplied 
prodigiously to try to reflect each change in method, or we can simply 
say that the meaning of the word in any giTen case depends on the 
operations performed in the creation of that race. ^ The operational 
point of view (Bridgman, 193e) keeps one’s attention constantly on 
knowledge and methods, and off distinctions that have only a verbal 
basis. 

The importance of emphasinng operations actually performed is 
weU shown by the word ‘‘species." It has been stated recently that 
all living men belong to one species because all the ra<»s can inter¬ 
breed. Xow at least as early as 1SG3^ (Zuckerman, 1933) it was known 
groups of monkeys classed in different genera would interbreed. 
If one pauses to think that the primates have been classihed in 
museums aud anatomical laboratories, it is obvious that tests of fer¬ 
tility cannot have been one of the operations actually perform^ The 
species of primates are natural groups which are distinct, that is, every 
individual can be classified as belonging to one. Species are the 
smallest natural groups about which this is true, because, since sub¬ 
species (races, varieties) intergrade, many individuals fit equally well 
in more than one group. 

Existing races of mau are called “races” and not “spedea" because 
their chai-acleristics intorgrade. If there were no intergrades between 
Bushmen and Europeans and if they wore classified in some mnsenm 
using the munH methods used for monkeys, they would be put in sep¬ 
arate spedes. Ab the classificatory system is now used, lack of inter- 
gradation, and not inability to breed, is the characteristic actually 
used. The histoty of how the idea of interspecific infertility arose 
is worth considering because it shows the necessity for the operational 
point of view. Species of monkeys were seen living in the same 
locality and no hybrids were found. Since it was naaumed that any 
monkey would mate with any other (which is not true), the fact that 
no hybrids were found prov^ that species were not able to interbreed. 
Therefore species were thought to be mutually infertile group^ So 
a conclusion, which is now known to be false, because a criterion of 
a group which actually was defined entirely differently. If sptecies 
bad been <lcfined in terms of what people did in separating them, 
inability to cross would never have been considered a qwcific char¬ 
acter for primates. 

Uf.THODS OF CLASSIFICATION AND FDHE RACKS 

All races of man are mixed, and within any racial group there are 
always individual variations. After all, even monkeys of the same 
enbspedes collected in the same locality ^ary considerably (Schnltz, 
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19*20,193T; Wushburn, i94S), so there is no reason to expect greater 
homogeneity in man. In tlio primates as a whole, there api»ar to be 
no pure mces in tlie sense of types, such as some strains of laboratory 
rats or mice, which are held constant by inbreeding and removal of 
any deviating individuals. The human situation is more complex than 
that of other primates because human wanderings and migrations 
have been so much more extendve. Also human social habits, such as 
trade, war, and slavery, introduce an entirely new set of factors. 

Mixing has played a much greater part in the physical history of 
man than it has in the evolution of nonhumaji primates. In this sense 
it is correct to sa}' that there are no pure human races. 

However, the word “pure’* has been applied to races created by two 
didercnt methods, and it is very importaiit to keep these methods sep¬ 
arate in one’s thinking. For example, let us consider the construction 
of the races frequently called “pure” aboriginal Australian and “pure.” 
Nordic. 

In the cose of the Australian aboriginal, “pure Australian” means 
the Australian black as he is observed to be, without obvious mixture 
with other races. The characteristics of the type are derived from tlte 
study of the population. The range of variation in eadi diaracter is 
charted. The children belong to the same group as their parents, that 
is, the race breeds true within the limits of tire parental population. 

“Pure Nordic” means n group of people who arc tall, lojig-headed. 
blond, blue-oyed, and who have the numerous other traits which are 
attributed to this race. Do Nordics breed true, that is, will the diil- 
dren of Nordic parents be Nordic? The children may be too shoi-t, 
too round-heuded, too dark-haired or dark-eyed to be classed os Nor¬ 
dics. From this it is clear that the group which has been selected as 
pure Nordic is pure in phenotype only. How was the Noi'dic race 
created ? Individuals: were seen with the characteristics attributo<l 
to the race, and then the pure race was postulated, and the observed 
situation deserxhed as the result of mixture. In the case of Nordic the 
meaning of ‘‘pure” lies in the operations performed to construct the 
race, that is, in the creation of on imaginary type, which is not found. 
In the case of the aboriginal Australian, “pure” means a population 
which exists, which is studied directly, and which is without obvious 
admixture. This does not mean that there never was any crossing, 
hot simply tiiat our methods cannot detect any. 

The descriptions of some races, such as the Australian, arc based on 
the study of lx>puInlions. Otlier races, such as the Nordic, are created 
by selecting individuals from a population and then describing the 
selected group. 

The great interest in racial purity bus taken attention from the 
fact that some of the mixed races cannot even ba demonstrated as 
actual groups of hving, breeding human beingB. Each race is worth 
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no more conadcwtion tlmn tho operaticma whicli created it, mether 
we call the Aiistraliftn race «mi3ted» or >iJre," the same operations are 
used to create our description. Wlicthcr the Nordic race is <^11 w 
“mixed” or limited creation of the 

imagination. Only Trlien one studies how races are crea^ 
what situations these concepts arc u.seful, does the vast different w- 
tween Australian and Nordic Tjccome apparent. The crucial point is, 
not that the Notdic race is mixed, but that there is no evidence that 
there ever was a group of human beings who had the charactera of 
Nordics, and who passed these traits along to their children. 

The first step in racial analysis is to find out whether there is a self- 
perpetuating group of human beings who actually have the characters 
of the race. The second is to isee wlmt methmls were used to describe 
and delimit tho race. 

ft is only by knowing how paiiicular races are described that one 
can decide which ones are useful categories and which are tmelesfl. 

Below is iin analysis of onft race, 

Hact?: Poro Nordle 
I^^catlon: NowbCffe 
IinaeSnntloTi, 

Result - Nonsense. 

StJMMAllT AND CONCLDBIONS 

The conclusions of this paper may he briefly stimraariKcd as follows: 

1. Eacial classificHllon Is an aimtomica] concept and is useful for 
anutomica) puriioses. 

2. The fossil record shows timt the living races are extremely mod¬ 
ern from a biological point of view, haring hart most of their human 
ftnecstry ill c^iinmon. 

3. Keeping purpaise and method constantly in mind removes much 
of the confusion which exists in current thought about race. 

4. To understand race, n knowledge of humaTi biology is necesEary. 
Because words nre onlv symbols, a knowledge of the things symbolized 
ifi imperative for preiier understanding. It ia here tluit tho science 
teacher has a great contribution to make in both fact and methed. 
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A UNIQUE PfiEmSTORIC IRRIGATION PROJECT' 


Bj Hstutr C. ^wrrmjm 

DirtCi&r^ Ohio Stato Archn^o^offical and HUtOrioal 
Co^umbiu, Ohio 


iwm D puteaj. 

Intentional diversion of water from its natural channels, for Oxb 
purpose of irrigating regions of inadequate rainfall^ is widespread 
in time and space, Usuallyi however, it is thought of as something 
of an innovation and as of more or less local significance. 

Inhabitants of humid areas ara likely to underestionate the very 
considerable portion of the earth^s surface where tbe natural supply 
of moisture is iosuScient to meet tbe needs of agriculture and other 
human economic requirements. In the United States alone virtually 
one-hall the land area, westward from ite longitudinal center^ is 
arid or semiarid, as are vast areas in Mexi^ and South America* 

Much of the Old World, particularly those countries adjacent to the 
Mediterranean and in the Near Eaat, where ancient dvilizations orig¬ 
inated and flourished, are arid and desertlike. The valleys of the 
Tigris, the Euphrates, and the Kile are classical examples of the 
dependence of life on the natural or induced overflow of these great 
river syEtJBma. 

The importance of water—and the tragedy of too much or too 
little—are reflected in the early literature, both sacred and profane, 
from the time of the Babylonian poet-philosophers downward through 
the centuries. An outstanding record of excessive rainfall is that 
of the Noochion flood; a minor example may be found today in the rain 
belt where Eomeonei perhaps with a picnic in prospect, hopes that 
tomorrow may be fair I In bet ween, the annals of virtually every 
people contain legends of floods and consequent devastation. Because 
of insufficient rainfall Moses, leading the Children of Israel back 
to the homeland, smites the rock, that they may drink} and the Arab 

*Ad[lmi of thr nttrlnc prttldpQt dt tlie Oblo andemf vf ScleQH, ikUtefcd tt thu 
Aias^i R34«1lfi| ot tb« Afadtmj held In Columbui, kUj d, 1^4. EtprUittd bj 
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slioik beapcaks tbe compassion of AUoh iti the matter of tha faiUng 
desert spring. 


The crude methods of conserving water for domestic and agncultural 
employed by present-day Pueblo Indians of the arid southwestern 
United States are a matter of common knowlcfjge, Ifutural springs 
iind water Iiolcs are seasonal sources; rivers which carrj' water through 
the year serve those living adjacent thereto; but by far the greater 
number of inbabitante must conserve rainfall and storm water from 
the mountains and tlia high mesas in natural depre^ioiis, converted 
into reservoirs by means of dams and other artificial modifications. 
While in some instances ditches lead from these to nearby fields and 
^rdens, the Indian women usually must carry water in jars for hand- 
irrigation of their meager crops. Archeological investigation lina 
shown that, with few exceptions, surprisingly similar methods were 
empIoj,x>d in prelustoric times in the same general area. 

'HitH paper, however, k concerned with the historic asi>ects of 
irrigation only as a frame or background for ati even more lomantic 
phenomenon—^prehistoric Irrigation in the A’cw World I 
Although a matter of record. It is not generally known that in south- 
central Arizona, long before tbe discovety of America, the native 
aborigines bad ]>erfccted an imprcEsive system of irrigation, which 
made possible the successful practice of ogriculture over a period of 
several centuries. 7his system has been referred to ns a ^^million- 
dollar project, constructed witli nothing more than rude stone hoes 
ajui wooden digging sticks.” 


Besidents of Ohio and adjacent parte of the aiiJdle West where 
the civilization of the so-called Mound Builders has been made known 
through eiplomtion of their ancient tumuli, may not find this so 
mcredible; but to many pei-sons, accustomed to thinking of all pre- 
lustonc peoples us mere savages, the phenomenon Is certain to be some- 
thing of a EuriH'ise. 

A glance at the mop of the southwesteni United States will serve 
to set the stage for the human drama w hich now unfolds itself. It will 
be noted that the State of Arizona, youngest of the American common¬ 
wealths, IS bounded on the north by Utah and Colorado; to the east Is 
Acw Mexico and to the south is old Mexico. The great Colorado 
Kiver, beyond winch is California, forms Arizona’s western boundary, 

1 reversing the State from northwest to southeast are southern ei- 
tensions of the Rwldes, and the high plateau where today live the 
Pueblo liidians and where in undent times lived their predecessors, the 
prehistonc Pueblos and the so-called Basket Makers. To the west 
Zl X™ » to AriMM desert regi™, of scuit min- 
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In south-centra] Arizona is ttia city of Phoenix, capital and metrop- 
oKa of the State. From the mountains ami high plateau toward the 
oast come two rivera—the Silt from the uortheast and the Gila from 
the EoutheasU They converge just w est of Phoenix and find their way, 
as the Gila Biver, to the Colorado and the Gulf of Califonxia. 

The State of Ohio sometimes is referred to as the land of the Mound 
Builders; the valleys of the Salt and the Gila, particularly the region 
of which Phoenix is the hub, may with equal justification be referred 
to os the land of the Canal Builders 1 Here we have the double phe¬ 
nomenon of an area of considerable extent, by nature arid and unin- 
vUing, which, for several centuries in prehistoric times, waa made to 
“blossom as the rose"; which than reverted to its natural aridity; 
and now, once again, has become one of the more fertile and productive 
regions of the continent I 

The visitor to Phoenix need walk but a short distance outside the 
ci ty limits to come uponojieorraorea nc ient irrigation can u la. Accom* 
panied by a guide familiar with the terrain, he will he able to trace a 
number of others, and will learn that prior to their partial obliteration 
by present-day agriculture, some 125 miles of main irrigation canals 
were existent in the Salt River Talley and perhaps half that mikage 
in the valley of tlie Gila, ilany of these measure as much as 30 feet 
between their crowns and reach depths of 10 feet or more. Even at 
this late date some of these may be traced for as far as 10 miles. 

The canal system in the Salt River Valley consisted of several inde¬ 
pendent units, or main canals, each with many branch canals and 
ditches. Intakes of the main canals were far enough upstream to pro¬ 
vide sufficient “fall” for auccesafully irrigatiiig their respective areas. 
The lateral branches, most of which long ago were obliterated through 
erosion and silting, must have aggregated hundreds of miles. 

An aerial survey of the valleys of the Salt and the Gila was effected 
in 1030 through the cooperation of the Smithsonian Institution, the 
United States Army, and certain authorities in Arizona. This aerial 
reconnaissance, during which the region was accurately photographed 
and mapped, was followed by a gromid survey under the direction of 
Phoenix city arch^logist, O. S- Halseth. As a result of this dual 
survey, what admittedly js die only true irrigation culture in pre¬ 
historic America has become a matter of record. 

This brief outimo of prehistoric irrigation and agriculture in 
Arizona should elicit a desire on the part of tho reader to learn 
something of the people responsibb for their dcvclopmcnL Who 
were the ancient Canal Builders? Spanish padres and adventurers 
from old Mexico, who come into the region toward tho close of the 
seventeenth century, perhaps were tho first white men to ask this 
question. Naturally, they sought the answer from the native Indiana 
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the Fimas, resident in the district, and received the reply, **Ho-bo- 
kamt" meaning nothing more nor less than ‘those who have 
vanished." The canals and the adjacent ruins already were aban¬ 
doned and ancient as far back as Pimn tradition carried 

Thanks to archeological researches sponsored by tlie University of 
Arizona, the city of Phoenix, Gila Pueblo of Globe, Aiizona, the 
Bureau of American ethnology, and otlier agencies, the eistwldle 
forgotten annals of the Canal Builders in great part have been 
recovered and recorded. This is particularly true of tho material 
aspects of their culture. 

As indicated by their numerous irrigation canals, the Hohohnm 
peoples were agriculturists. In and adjacent to the Salt Kiver Valley 
there are the ruins of some 20 ancient fanning communlti^, each 
with its central communal adobe structure, with perhaps half ftmt 
number in the valley of the Gila. The most impressive of these ruins 
in the Gila drainage is the noted Casa Grande, now preserved eis a 
national monument. 

Outstanding in the Salt Btver Valley is Pueblo Grande, a part of 
the park system of the city of Phoenix, located just east of the city 
limits. Here the enterprising capital city of Arizona ha.s erected an 
anthropological laboratory in which is housed a museum of the 
Hohokam culture, workrooms and laboratories, aocotmnodations for 
visiting anthiupologists and students, and living quarters for the 
director of the laboratory, who also has the title of city archeologist. 
During the months of February and March 1944 tho author had the 
pleasure of being a guest at the laboratory, with unuGual opportuuity 
for studying the Hohokoin culture at first hand. 

A brief description of Pueblo Grande ruin and its adjacent farming 
community will aen'e as an index to the culture as a whole, which 
is quite homogeneous throughout the area of its occurrenco. 

The ruin of the Pueblo Grande community structure, adjacent to 
the laboratory, is a more or less rectangular truncated mound of 
earth and stone, some 160 feet in widtli and 300 feet in length with 
an approximate height of 30 feet It has been partially excavated by 
Dirwtor Halseth and his associates and students, and proved to 
consist of a large number of rooms or compartments of varving sizes. 
The walls and partitions are constructed of flat stones and bonldeis 
imbedded in adobe clay, with roofs of logs, poles, brush, and adobe. 
Fnclosiug the structure, and bmlt from similar materials, was a high 
wall. Entrance to tho resulting compound presumably was by means 
of Inddem. The structure and its compound served th© community 
as a granary and storehouse for their com, beans, aqua.<;h, and other 
pi^ucte and possessions, and as a safe retreat from marauding 
tribesmen from outside their borders. The great size of the strurtutu 
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ATid its manj rooms ate Accounted fur by th& f a{;t that adobe coostruo 
tion wss at best only totoputary or semipermanent^ and required 
frequent repairs, abandonment of certain parts^ and the building 
of new units. 

Outside the compoand and adjacent thereto were the cultivated 
fields^ comprising many acres. HerO;, too^ Uio people Jired^ their 
domiciles being merely crude shelters of poles and brushy their floors 
somewhat below the surface of the ground—a type of domicile known 
to archeologists as pit houses. 

It would be unfair to judgo the culture of the Ilohokam peoples 
solely by their unassuming dwellings^ for it should be remembered 
that in the mild climate of their country they could be, and were, 
people of the great outdoors. Their amazing system of irrigation 
canals and the resulting agricultural development, together with 
their pretentious commuoal centers and their ceremonial ball courts, 
are sufficient to place them on an advanced plune of culture; nor 
should one overlook tlieir admirable development of the minor 
domestic arts, While little of a perishable nature has survived the 
destruction wrought by time and the elements, their utilisation of 
clay, aiorie, shelly and other time-resisting materials, is in keeping 
with thttir major accomplishments^ The pottery ware of the Hoho- 
kam, particularly, is exceptional, and many fine examples of pots, 
jars, vases, and bowls, of pleasing form and decoration, have been 
recovered. Equally impreeaivc, if not as artistic, are the numerous 
metates and manos, for grinding com and other grains and eeeds, 
while their stone axes are among the finest known. Bimds, pendants, 
bracolots, and necklaces of shell and other materials uro much in 
evidence, and turquoise occurs sparingly. Chipped fUiit projectile 
points and knivea, while often of good w'orkmanship, are much less 
abundant ttian in the ^UdeUe IWt, obviously for the reason that the 
Hohokam were nmmiy agricultural and only moderately dependent 
on wild gome for food. Tobacco pipes are of very infrequent occur¬ 
rence, as contrasted with Ohio, where large numbers are found in 
the ancient mounds and burial sites. Tobacco doubtless was ords- 
nurity smoked os cigarettes. 

While archeologists special Uing in the cal tare are virtually agreed 
that the Hohokam come into the SaJt and G-iia Valleys at or slightly 
before the beginning of the Christian Era, there is no definite evidence 
as to their origin. There is some evidence of affinity with the lesser- 
know n Mogollon and Cochise cultures to the souths and of contact with 
the Pueblo peoples to the north, but the full significance of these re¬ 
mains undetermined. 

Fortunately, however, tlic approximate period of their occupancy 
and tlte probable time and cause of their disappearance from their 
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bomeland In Arizona no^ nre known. The techniques empIoTed in 
diacoTering and recording a major part of the story of the Hohokam 
peoples, after the lapse of centuries, not only is a romance in itself, but 
is an eiamplo of the efficiency of the methods of archeology as well. 
Here, hrieSy, istlie story. 

Earlier in this paper it was stated that the Hohokam are believed to 
have come into south-central Arizona around the beginning of the 
Christian Era. At this point it may be stated that they disappeared 
from the region around A. D. 1400, some three centuries prior to the 
arrival upon the scene of Spanish explorers and adventurers from old 
Mexico, For the evidence on which this chronology is based, we must 
turn momentarily to onother region and another people—the Pueblo 
nations of the hi^ plateau and canyons. 

Here in a region of evergreen forests, the ancient mins of the 
Puehlo peoples actually have been dated by means of tree-ring counts, 
a technique developed by Dr. A. E, Douglass of the University of 
Arizona. Details of this iinmea.snmbly important development can¬ 
not be given in the limited space of this paper. It is one of the ro¬ 
mances of American science. (See bibliography,) Sofiice it to say 
that most of the major ruins and scores of minor ones in the Southwest 
now have been dated by this metliod, and that the chronology of the 
region has been carried back to the first century A. D. 

As a result of the tree-ting method of dating, those ruins in forested 
areas ndjacetit to the Hohokam country show significant changes 
througb the centuries in types and decorations of potteryware and in 
virtually every aspect of their materiai culture; and since there was 
more or less of trade and barter as between the two areas,the finding in 
s Hohokam site of a Pueblo pottery vessel of, let us say, the period of 
A. D. 1000, is suggestive to say the least Multiply such individual 
instances by any reasonable number, and at least a near-contemporane¬ 
ity is the result. Although the Hohokam country is virtually lacking 
in large trees, through such analogy and comparison its ruins are 
dated. 

Finally, when nil evidence of Hohokam activity censes, and no fur¬ 
ther objects known to pertain to other cultures appear in their mins, 
it is logical to assume that their career as a people was ended. Such 
conditions are found to obtain not much later than A. D. 1400, 

The disappearance of so advanced a people from a region which 
they had converted into an admirable place of residence was due to 
two major causes. One of these is disclosed in a brief consideration 
of the present-day situation. 

In the I370’s Murmon settlers appeared in the Salt River Talley 
and began clearing out ancient irrigation canals and constrtictmg 
others. In, the ensuing years this initial enterprise has grown by 
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leaps and bounds, with eowe 400 square miles oi larraii^ requiring 
annually 1,000,000 acre-feet of irrigation water, now under cultiva- 
don Thus die land of the ancient Canal Builders ouce more has 
come into its own, and the Salt Biver Valley^e Valley of the 
Sun—with its great citrus groTea, date orchards, fa^ which pro¬ 
duce as many as three crops annually, and subtropical plants and 
ilowers growing in great profusion, is indeed ail oasb! in the desert 
In Tiew of the fact that this transformation is due entimy to irri¬ 
gation, it njay appear contradictory to euggpst that irngadon was 
tlie principal cause of the downfall of the Hohokam peoples, flie 
Salt Biver Valley is underlaid with a “volcanic pocket” of clay or 
marl which is virtually impervious to water. According to estimates 
of the Salt River Waters Users Association, one-fifth of the total 
irrigatioQ water entera the ground as seepage, and builds up the 
water table at the rate of from 3 to 5 inches each year. D^mg Uie 
period from IfiTO to 1920, when irrigation was much less mte^ive, 
one-third of the area under irrigation was rendered unfit for cultiva¬ 
tion OS a result of accumulated seepage and attendant alkiUinity. 
Under present-doy intensive irrigation, the entire area, within a 
comparatively short time, would bo little short of on^ alkaline ^g. 
This threat now is averted by periodic Sooding to eliminate alkali 
aod by using a battery of electric pumps for the purpose of removing 
surplus Water—-some 300/300 acre-feet annually. ^ ^ 

The ancients bad no drainage facilitiee, pumps or otherwise. Tha 
result was inevitable; surplus water and alkalinity, water-logged soil, 
and dwindling productivity. This is evidenced by the fact that 
esploration of the Pueblo Grande ruin demonstrated that the floors 
of granaries and Btorcrooms had repeatedly been elevated in an effort 
to keep them above the water-Iogg^ surface of the ground. 

An additional situation, which may hove been tiie coup de grace 
of Hohokiim survival, was the constant threat from marauding 
notnodic tribesmen from the plateau areas. It is known that from 
early historic times the agricultural peoples of the valleys were fre¬ 
quently raided by the Navajo, the Apache, and other predators who 
made bold to reap where they had not sown, and there can be but 
little doubt that the peaceful Hobokam peoples, throughout their 
sojourn in tlieir chosen country, were forced to contend with similar 
hostile incuraions. Faced by such handicap, and seeing their once 
fertile acres gradually transformed into water-logg^ and alkaline 
wastes, it was inevitable that their nranbers must decline to the point 
where a few hungry stragglers either found refuge with other tribes 
or passed entirely from the picture. 

Today there remain only the old canals and the ruins of once 
impressive communal stmetures^mute evidences of a people who 
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had carriecl the hunitn exi>erinncnt, through trial and error, to a lerel 
which must conunand the admiration of all discerning meti; a people 
who, but for a natural calamity with which they could not cope, and 
because of the rapacity of unscrupulous and hostile neighbors, might 
have home the torch of ciTiIization to midreamed-of heights. The 
construction of a million-dollar irrigation system, representing a 
high degree of engitiooring skill, attests to fieir energy, strength, 
courage, and initiative. 

Our culture of today is complex, while theirs was simple; but who 
would venture to ssy that ours is “bighcr*^' or better? We, as were 
they, are still beset with the threat of natural calamity, and by “man's 
inhuman]^ to man." The first of these is nothing as compared to 
the latter, which precipitated all mankind into a holocaust such as 
the world never has known, tlie aftermath of which conceivably 
might be more disastrous than the titanic struggle itself. 

The only criterion which justifies an assumption that one culture 
is higher or better tlian another, is proof that it provides a larger 
measure of cooperation, ngefulncsB, spirituality, morality^and 
human happiness 1 
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By M, W. Sttbusq 
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dictionary defines the sun .rs lunrinons h™Iy 

bodr the lifflit of which constitutes day, and absence of the light of 
whkh constLtes night" Astronomers might 

overaimplifies the subicct, but it has the ndvantage, at least, that primi¬ 
tive people all over the world would agree with it. 

ThTAmcrican Indian was concerned much more with theeffwts of 
the sun than Ke was with tl.e nature of the sun itself. Apparently the 
uveraeeman did little if any thinking about the rnamr. He 
vaguely, explanatory information as given in myths. uc^ ,x " 
sistencies and conflicts us might appear to a person of 
did not bother him since most of it was m the realm of the su^- 
natuniL Ho interpreted the universe just os it op^ied to him. ^o 
earth was a flat disk covered with a bemispUencal blue dome or firm¬ 
ament which fitted over it like a bell jar. Attached or 
ftcrci^ it iikft flies on iv ceiling n ere the various heavenly i 

fts a rule were personified. „ . r j- 

We might infer from the sun myth of the Califoraia Indians tha^ 
because Coyote stole the sun and put it in a sack which he earned o 
on his back, the sun was considered to be of a siae that “ _ 

cany. However, in the same myth, when Coyote paused to 
a worm. Mount Diablo was formed by the back di^ In fact, in Indmii 
myths generally, there is a ratber complete abandonment of all dimen- 
fiionul concepts. As supernatural beings, the cricket can engage m 

combat with the elk on equal terns. i 

We all remember the childhood pastime of asking ‘ How big doestlie 
moon (or the sun) lookteyour ‘‘Do® it look as big as a dime or as 
big ns a dinner plate 1" We judge size by eye, only through compan- 
Bon with Bom® object of known size, ao that the sun and the moon ra 

>Ttoibn^ih Artfr HT.- u» tt. S-Uthi^tan l..Utnltoa 

jftpvrf iT+ imU. 
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their detached and distant positions in the sicy defy mete man^s ability 
to gnesa* Even though we have been told that the ann is almost a 
million miles in diameter I douht very much that it looks that big 
to most of u& Certainly it did not to the American Indian. Nor did 
it look to him as thopgh it were 93,000,000 miles away. 

The astronomer with his optical instruments and matltematical cal- 
dilations has given us the explanation of a vast universe with widely 
separated bodies pursuing their orderly and intricate orbits and pro¬ 
ducing a series of predictable and exphiinable rcsTiltSj which to tJie 
tinaided eyo are not always what they tippear to be. Most of tis who 
are laymen accept these statements on faith and di^^iss the general 
subject of the uttiverso on the grounds that it is all too miiote to be of 
intimate concern to us, except for that portion of our own planet which 
famishes the stage for onr activities. Insofar as the sun fits into the 
tmiversal scheme, wb also accept academically the awrances given us 
that the seasons, the growth of plants, weather and otljcr phenomena 
arc the result of Uie apparent motion of tlie eun. The average man 
among the American Indians felt much the same way about it* He 
accepted on fnith what ht$ mentors told him and as a rule did not tmther 
to check the information.^ The main difference between us lies in the 
details of the inforuiatton we receive. 

It has probably not occurred to many of us that the periodicity of 
the sun producing aiich fundamental time units as the day and the 
year has developed with us a time consciousness which is ah out of pro¬ 
portion to that of moat Indian tribes. It was not typical of Indians 
to count the pas^sing years and no Indian unless very young knew his 
age in year?. We must except from this general statement, however, 
some of tho tribes of Middle America. Perhaps it would be better for 
us if wa were not so aware of our ages. One often hears, with reference 
to Indians, such pat expressions as ^So many winters had passed over 
his head,” or that a man was “so many winters old.” Such expressions 
came into being only after contact with the whiteSp 

What the Indians of North i\jnerica would say was “I was so big 
when such and such an event took place,” sucb as a famine, a war^ or 
^her conspicuous happening. Among the Hupa of California, age is 
judged by the amount of wear on the teeth. Instead of speaking of 
age in terms of time units, a flupa would oay, hia second teeth have 
just conic in, his teeth arc worn smooth, or hia teeth are worn to the 
^m». This method was universally applicable since before the com¬ 
ing of the whites tJio Indians seldom lost their teeth through decay 
or other cause?, and among California tribes, eating acorn meal 
leached through sand and ground in stone mortars produced con¬ 
spicuous wear on the teeth. 

In Ehort, the tribes north of Marico. becniise of a lack of pro- 
occupation ^ri tirao uiuta as marked by astronomical plicnomena, 
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failed to develop a feeling that the passage of time waii worth record* 
ing. The BO-callcd historical calendars, annals, w Liter counts, notaied 
sticks, and the like are concerned with the recording of events in a 
vague historical sense and are not really time reckoniug- Moreover 
they were simply iuteudod as meniory jogs to a few individuaJs and 
were not understood hj the people in generaL 

To some tribes, such as the Nootka of Vancouver Islaud, the sun 
evidently looked like a disk- Apparently tWa was true of the Alters 
and other Mctdcan tribes who in stone carving and metallurgy rept^- 
sent the Sim as a disk. To other groups it appeared round like a ball, 
as among the Californians and some Panamanian tribes who carved 
representations of the suit in tho form of a sphere. To others who 
thought of the firmament os a solid dome-ahaped roof, the sun ap¬ 
peared to be a round hole through which the light came* A similar 
idea, like that held by some of the aouthem Californian tribes, is 
that a round spot was cleaned off on tlie sky by the fin^r of some 
mythical character, much as one might clean a spot on a dirty window 
pane letting tho light through* 

Many tribes thought of the sun us the actual person of a deity, while 
others thought of it aa an inanimate lumiiioua object controlled by 
tho deity, but not being the deity itself. Therefore when the sun god 
is mentioned among some Indians it x'efers directly to the suti, while 
among others it refers to the deity who controls the sun. The thought 
of the sun as an inanimate object is not as commera as the other, and 
curiously enough is held by the more primitive groups such as some 
of the California Itidione, where the sun is bandied about by various 
mythic animals like a loose football, 

Tho sun k probably the most universally voneruted deity among the 
aboriginal American Indians. Nevertheless there are many tribes 
where the sun k considered of very minor importance. On the other 
hnnrl there are many groups who regard it os their principal deity. In 
geneml the sun is most venerated among the agricultural tribes, and the 
more highly advanced tlie group, the more important does tlie sun be¬ 
come. Thus the peak of sun worship te found among the Inca, the 
Maya, and the Aztecs, and the sun deity partakes much niore of ^e 
nature of an abstraction than JS the case among the more primitive 
tribes. 

The moon, among many Indian groups, is regarded os ■ powerful 
being, yet fretinently wielding an influence that is evil or dangerous, 
whereas the sun is usually henefioent. In most cases the sun is 
masculine and the moon feminine, but this is far from being a uni- 
vetsal concept. The Eskimo, tho Cherokee, and the Yuchi, to name 
a few, regard the sun as the woman and tlie moon as the man. In the 
southwestern part of the United States among the Pueblo Indians and 
neighboring tribes, and also in southern Alaska and British Columbia, 
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both the sun and the moon are regarded as lua^uline. Whtn the 
sesceddifferj the sud and moon ate usually conaiderad as man and wifa^ 
and tha Tlingit of the Northwc^ Coast explain die sun^s eclipse as due 
to a visit of the wife to her husband. Li a myth^ whidi curiously 
enough is common among the Eskimo and the Chti-okec and also occuta 
in South America^ the sun and moon are brother and sister^ guilty of 
incesL 

In the Southwest and parts of the Pacific Coast of North America 
the sun and moon are conceived as material objects borne across the 
sky by carriers^ and the yearly variations of the aun^s path ate ex¬ 
plained by mechanical means—poles by which the sun bearer asceuda 
to a sky bridge which he crosses and which is as broad m the ecliptic. 

Though the sun is so generally regarded a great deity, he is seldom 
supreme, since almost invariably both the sun and moon are created 
beings who appear after man has already been accounted for, thus 
requiring the native theologian to account for & higher and more 
ab^ract being who created them. 

Mytlis tiiat concern the mn vary in detail not only among the differ¬ 
ent tribes, but often with individuals from the same tribe who recount 
them. Nevertheless tiiese stories fall into several definite patterns,, 
some of which are of remarkably wide distribution. In some instances 
even minor details are preserved in a myth which may extend to both 
American continents. Some of the more important of are: 

L The almost universal North American tale of the hero or 
heroic brothers, usually twins, whose fiitlier is the sun* 

2. The Phaethon myth, common in the Northwest, in which the 
mink is permitted to carry the sun di^k andj as q eonsequence, 
causes a gTOat conflagration* 

3. The related legend of the creation of the sun, which, until 
it is properly elevated to a safe distance above the earth, over¬ 
heats the world. 

4. Tales of the theft of the sun, which are variants of the 
world-wide Prometlieun etory of the theft of fire. 

By way of illustrating the nature of those tales I will give a few 
which are typical of the patterns I have mentioned. 

THE OnmiN OF THE SUN AND MOON 

Practically all the Californian peoples who discussed the origin 
of the ;^n and moon regarded them ns something which was obtained 
or made only after man himself had come into existence on earth. 
They did not think of tlic sun as a primeval object, existing from th* 
very beginning. In central California the presence of the sun was 
usually accounted for by a theft story, the sun being poss^saed by 
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f^eopl^? fw* off and boing stolen from them for the benefit of the tribe 
relating the story. In southern California the mn was made ustmlly 
from clay or spittle. The Californians were in no sense sun wor* 
flhiper^, and that luminary played a very unimportiint part in Uieir 
religious beliefs. Moroover, they gare very little attention to the 
yearly movements of the ann^ and most tribes did not take special note 
of the time of the solstices, although these could ea$ily enough have 
been detarmineci by simple observations. By some tribes in central 
California, such as the Yuki, the sun was conceived of as a deity who 
was the patron of doctors who cured rattlesnake bites. 

Of even less importance than the sun in CaUfomia was the moon.. 
The Maidu had a tale about the restriction of the movements of the 
two luminaries to night and day. In northwestern California there 
was the interesting belief that the waning of the moon was due to its 
being eaten by Lizard in the sky. The Luisefio thought that the first 
people raised the sun into the sky with a net 

Some of the California tribes believe that the soub of the dead 
ascend to the sky wliere they take up their abode and become stunt. 
There are many different versions among the different groups as to 
how this final abode ia reached. One tellfi of the soul ascending with 
the rising $uu until the meridian was reached, thence proceeding to 
the milky way which was the pathway to the other world (Gifford 
and Block, 1930). 

ITie Diegueno of ^uthem. California explain the sun in their crea¬ 
tion myth: 

In the b^lnnlcg tbtm wuj no lartd. There waa notbln^ but ealt watcr^ the 
great pdraoral -Dcean. Under tlits water lived two brotlieri who alwn^ hcot 
ihP-lr crea cloaed beeaase of the scUt wBter whldi woald blind them L£ they 
opeoed thetr eyesL 

After D time the oldest brother, CbaElULkomat, rose to the Rurfaee of tbe water 
*ad looked troatkd. He saw nothlo^ bat wiitcr, Stwa the yoon^r brother caac 
up hut on the way be opened hla eyes end the salt water blinded hltn, fa that 
when he did ranch the aurfnee be could sec uothlcs and therclore returned to 
the deep. 

Hie otdcT brother deddett that there Btaould be eometinft to the world beside 
wflterp so he fitet made little red ants- He made so muny ot them that they 
filled the wnter v^tj tbiekJy with their bodies. Tills mniTe land. 

Tben C^ulpak^itiiat caused certain birds with fine bills to come Into bolti£h hut 
bemtue there was no son or ig^bt these birds lost Bo Chalpahoiuat took 
three klods of elay^ red, yrttowi sud bTuck, nnd mode a renoil flat object. He 
threw this up esalnat the Ohy and Jt stuck there Boon It hogAn lo ^ve n dim 
light Today we call thin the mfwn. Rut CluLlpakoinnt wna not aatlafled, for 
the Usht was poor. So be took Bomo more clay ami made aiiotber rnupd fiat 
object and tofsed that ap ogalsot the other side of the sky. It also attick there 
and sent ft^rth n rery brlihl light IVe coU this the snn. (Ulffoni nnd Block, 
1930.) 

In another version Chaipakomat formed the sun by spitting on his 
finger and rubbing a clean spot on the sky. 
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Tho Owens VaDey Paiate hsTe ft story about Cottontailj the rabbit, 
and the sun. Th^ sun was Coo hot^ so Cottontail decided to try and 
change it. He traveled east to find the place wBere the sun emerged; 
he crowed ridge after ridge hut always the sun came up beyond, Fi^ 
naily he reached a great sea, here he saw Sun emerge from the water, 
shaking himself. Cottonrai] grabbed Sun as it came from tli& water 
and by covering it with n slice of fresh liver, cooled it off somewhat. 
Now the sun is not too bright, (Steward^ 1043,) 

The Kato sun-theft story is as follows r 

CojDte slept wlfb hla bead to tbe ^st and hts forebCAd gTsw vopj warnL 
*•1 dreamed Rboat the RUHp** be Sfttd when be awoke. 

Then Cojote decided to pet tbe sun and brlna it baefc for tbo people. He aet 
off. Oh the w^j he met three mlce^ and be tout them wtth him fop dogs. 

“Mj heart glad becauHe 1 found rat), my three fiogi," be told them. 

When they arrived at the house where Coy ate know the mn wn?, be Ins trot led 
bis dogfiL 

‘The ann Is oorered with u blanket and tied down la the middle nf thl^ boaee. 
I am going in and shAil eleep there tonight When all are sslf?ep yna mast come 
Jn and chew off the straps that bold ihe snn, Leave^ however^ tbo sumpa 
with which J am to enrry the sutw When joc nro tfaruogh^ poke mo with your 
noses-"' 

Coyote then went Into the bouse. 

“I do not want fciod, grandmother^'^ he said to the old woman of tbe hannSL 
will sleep.'’ 

'Tes/' said the old woman, and hi fa 5 blanket. 

Covering Ms head In It, Coyote hogan to sing: ^'Ton ^Icep, jou slecpv you ?leep.” 
Soon the woman feU nsleep. After a wbUe the mice came and poke^l Coyote. 
""We have anl^ed.'^ one of tbem said. 

So Coyote got up* took the bud« and corrloft It off. Mole hiw him do this 
and he ca1]i?d oat i '"He Is carryinj? rdf the sun/* bnt ao one heard him for bis 
mouth was too small. Then Llaard saw him. He took up n sttek and beat on 
the bottue of the old woman, ealUng: "Be fa cany Eng off the bhil'* 

The old woman hoard this time nnd slie got up and started to chnfse Co^te, 
As ohe neared him sbe caUod out to him: *"Whr did you take It? I was til¬ 
ing 

"Yon were biding It,"* Ckijnte called back. Turu Into a aEone whore yon are 

standing." 

AE these word^ of Coyole the woman htmed Into ft Stone. Then Coyote took 
the sun and cut ft np, and from !t he mnde tUe moon, tb# sfarSp and tbe snn. 
An be msde them he told them when they were to nppenr^ 

To tbe morning Btar he said: ^Ton sbnli eome up Jnst before day+'^ To tbe 
sna be said: ‘‘Von shall come up lu the east lu the laomlng, and go down at 
right Vou shall ha hot," To the moon he said; ‘^Xou shaU tmvel at nigbt 
Ton Bhnll be cold.'* 

The people were very grateful to Coyote for wbat he had done and they 
hroaght him oiHuy presenfs upoU bts return. (Clifford and BlJU^^ 1930.) 

According to tlio Pomo^ formerly tbe sun did not shine and every¬ 
thing was dark. 

When tbe peinple went hunting or traveled tbey had tn carry tondtea fop light. 
People were tnurh dlRturbod because they could not tell which cod of the day 
was nigbt und which was day* 
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lAtmd once went byntlo^ wiih bts torcli far ta the iiulU one tLme he sow 
A UtUe lK£lih He reported thla to tJio people bat wuJ not helleTOcL Yniloiia 
aoloifllB wero sent to inyestJ^ie but all fnUed, iintU the Dove relumed and 
reported Hiiding a vUlaee (at Up the east where the son won hept uod Lt woa 
dayUehc all the time. An espedltlon was soot in steal the #nn. After many 
dLmculiica they sinjeeedod In rele&nina the kuxj from the snok I© which It waa 
sewed. 

no pijople then atarlcd to roU the sun along towmrdi iheLr Tlllnge but the Son- 
people puRfoed and fought with thcou wSlh Ihe resTilt that arrowe were shot In nti 
dtrectlod and fell eTerywlierfc That le the reason why you can And arrowhoade 
Bcattered all over the coantry noWi They all eame from this war. 

Wlien they had taken the sun about halfway hotne^ they triad to pot It dp La the 
sky. AU of Uic dlHereat kinds of bSrda tried thla. Dove tried flrau then others. 
Finully^ the Crow brotliera succeeded in hanging Lt up and It stayed tliere. llae 
Orowfl were able to hang the sun up in the tky^ becauBc they were aiple to go 
without water for a longer time thab any of the other btrda (Barretli lllSS.) 

This story of the sun is told by tlie Achomaw i. 

One time SSna conceived the great idea of rolling along on the gronoil instead of 
la iho Bkyp So she fell down frniu the aky JnsE about sunrlfte. 

But Mole Saw what San was trying to tlo aitd he ran and caught hold of her* 
He held her up as high as be colitd. while he shouted In a load voice for the people 
to come and help bim^ 

All the people canie running when they bcanl Moie's eidt€id voice- With much 
ahoviug ajid pushi iig they helped Mole shove Sun up into the sky again. Otherwise 
today we weald not have Ban la the aky, hut Instead she weald be relUng along on 
the ground. It was from holding up Sun that Mole's hands are bent so far badk- 

The Maidu say that 

a long time ago, In the days before IndSatis Uved on this earth, a hroLher and sUtcr 
lived together far away to the east They were Sun nod Jdooti. Instead of rising 
every dny and truveUng over (be world as the people wanted them to do^ they 
remained w II bin tbetr ImosOp which was made of solid sionm Slany people were 
sent to try and see if they could make the two rise but all falJcd for they could not 
even enter ihe hoase built of solid stone. At lust Gopher and Angleworm wkuit. 

WLeo they arrived at Sun and Uona's atone house they stopped to consider how 
best to enter. Angle worm made a hole in the giruund+ horlng down outside and 
coming up ioslile the house. Gopher followed, carrying a bag of Aljos, Once 
Inside^ Gopher opened, his bag and let half of the fleas out. The fleas begnii to 
bite San end Hoon, making them movH eround* Then Gopher let out the rest of 
the fleam Iheao made life so miserable for Sun and ^loon that tbi^ decided to 
leave the honse. 

Sun said to her brother: “Bolb of ub cannot travel together^ Do you wtkh to 
travel by dny or by bl^tf ^ 

Moon replJcth “Vau try traveling by night" 

So Sun tried II: bni the Stars all fell in love with her, atid she could not travel 
because of their attrnctlooB. Bun then went hack and lold her brother ihnt he 
must go by night. This he agreed to, and has done ever alnce. Sun traveled by 
horaclf In the dny. (Gifford and Blochs 1B30,) 

Many Northwest coast tribes liaYe their versions of thn theft of the 
sum Amoi^g the Kwatiutl it was said that 

at nil was darkness and Uring wai very dlfflcnlt and ancomfortnble for the 
people. This was bvesnso m ceriain chief who lived la a cave hud the &uu and the 
moon icL a box which hp kept lightly closed In his cove under a great mountain. 
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Th* peopl* tried In man^ wE^a to get the bos hut oil etforta foiled upttl Karen 
through ttlckerr changed himsde into a maili leaf la o suring where he hod 
obsened the cblaTa dau^ccr came regular!j for water. She dipped up RaTen and 
Hwaljowecl b<ia when eho tout a drinlt, iiETen then turned into an Infant and woa 
glren blnb by the girt In her father'a care. Raven turned out to be a rety fretful 
and tllaagreeable child coDatanlly cirlLg for the box which Mntalned the ann end 
moou. At laet the exaxperated chief gare it to him to play with nnd he at once 
quieted down and becoiue rery cheerful. Of courae when the chief fell oalrep, 
Raven tan off wllh the box. He waa pursned hut cacaped. When he returned 
with the box contElniag the sun, the people caUed hi la a Ilnr, hat be opened the 
Ud a little and exeryone waa doxxled by tho brightness and urged him to tone it 
down. So Raven placed the snn In the sky where It la bri^i enough to light the 
world but not loo bright. The udod waa also hung ia the aky to light up the night- 

The place of sunrise, according to tho Bella Coob, is guaKied by 
the Bear of Heaven, a fierce warrior, inapirer of mnrtial zeal in njan; 
ftntJ the place of sunset is iDarked by an etipnuous pillar which supperta 
the sky. The trail of the sun is a bridge as wide as the distance be¬ 
tween tile winter and stuniner solstices j in summer ho walks on the 
fi^t-hand side of the bridge, in winter on the left; the solstices are 
“Where the sun sits dowri.” Three guardians accompany the sun on 
his course, dancing about him; but soraetimes he drops his torch, and 
then an eclipse occurs, 

Not many Pacific coast tribes have as definite a conception of tlie 
sun as this, and, generally speaking, the orb of day is of less impor- 
tance in the myths of the northern than in those of the soutlieim stocks 
of the Northwest. It is conceived both as a living being, which can 
even be slain, and as a material object—n torch or a mask—carried 
by a Sun Bearer. One of the most widespread of North western legends 
is a Phaethon-like stoiy of the Mink, son of the Sun, and his ad ventures 
with his father^s burden, the sun disk. 

A womEn bwomes pregnant from sltUng In the Saa'e mys; abe gives hlrth 
ta a b&y, who grows with murvelnus rapitlity, and who. even before he enn 
Indicates to his mother that h# wants a bow uDd arrows; other children taant 
blia with iiuTlDg no father, hut when his mother teUs him that the sun fa hls 
parent, he shoots bis arrows Into the aky tmtll they form a latlijHj' whereby he 
Climbs to the Sun's house; the father retinests the buy to relieve hint nf tho 
sun bnnleii, out] ibe boy, careitesly IrapaUeot, sweeps nway the clouds and ap- 
prwiehM the earth, which becomes too hot—the ocean bolls, the bIddcs spHt. aCfl 
ell life 18 threnteacd, whereupon the aaa Father rests his offspring hsek to earth 
reodemnJng him to tniea the form of the Mink. 

In soma versiDns the heating of the world results in such a conflagra¬ 
tion that tljose animal beings who escape it by betaking themselves 

to the flea are transformed into the men who thereafter people tlie 
earth. ^ 

The Huron of the Great Lakes area thought that the earth was 
pierced and that when the sun went down it entered this hole and 
remained hidden until the next morning when it came out ot the other 
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Eclipses were interpreted as good or bad auguries depending on 
the place in the sky at which they happened to be. One dor^ni^ 
of the sun was supposed to have happened because Ute Great Turtle, 
which holds up the earth, in changing its position brought its shell 

before the sun aud thus cut off the light i ,• j 

Among tlie Mohawk and some of the Huron, eclipses were behaveo 
to be due to the Great Frog Monster swallowing the sun. Under such 
dreumstanees the IndiBn.-! had to organise impromptu ceremonira and 
by dint of the beating of drums, howling, and in general making as 
much noise as possible, force the frog to disgorge. Thus far these 
methods have always been successfuL 

The Huron also believed that if an individual failed to perform 
the winter rites required of him thniugh dreams, the sun would 
be held hack, i. e., the coming of spring would be delayed, 

Tlie Canadian Iroquois had a legend that when the sun should make 
his daily rounds for Uie benefit of man it was also decided that the 
sun of tlie daylight should rule the earth. 

In addition, it was resolved that times should change; that there 
should be winter montlis and summer months, thirteen in all, aud 
each should be given a name. 

“There is a tree, composed of tlie languages of the nations of the 
earth, standing where the sim emerges. 

‘TVhen the sun flies along where the tree stands he dances, saying, 
will take care of the people living towards the West. Then be 
climbs the sky. When in the middle of the sky he stops for awhile 
to rest and repeats what he said on emergence and continues dancing. 

“In the evening at sunset, he says ‘I am glad to liave done my duly’ 
and sinks below the ground.” 

The idea of the sun standing still for awhile at the senith is found 
among many tribes from coast to coast. 

In ceremonies among the Iroquois, the moon is always addressed 
as **our grandmother” and tlie sun as “our elder brother.” 

The Algonquians have a series of myths in which various deities 
engage in a celestial ball game. The Gulden Eagle is the leader of the 
beni^ gods and the Bear the leader of the underground people. The 
Eagle always wins. This game symbolizes the eternal conflict be¬ 
tween day and night, the ball itself being the sun. The day is the 
perpetual conqueror. 

There is also a story of tlie Menominee in which Tehakabech, a 
kind of Indian Jack-and-the-Beanstalk, climbs to heaven on a vine 
and snares the sun in a net. During its captivity there was no day 
on earth, until a mouse cut the strands of the net with ha teeth, releas¬ 
ing tlie sun and restoring the day. 
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Among nrnny of the Pucbln tribes of Arimnii and New Meslco, the 
sun IB very important, Typically, when the first people emerge from 
the underworld they find the world is dark. This is very inconvenient 
so a culture hero or the war twins are sent out to look for the sun 
and, having found it, to place it properly in the sky and plot its 
path. The Pueblo Indians believe that at the winter and the summer 
solstices the sun re mains motion less for i dal’s each, during which 
time he rests in one of the two houses that exist for this purpose at 
each end of his path. It is also believed tlmt for a short time at mid¬ 
day the sun stands still In its path across the heavens. In myth this 
is explained when his course across the sky is interrupted when he 
permits his twin sons to carry his shield. 

In Hop! myth, Sun hud to be helped to move on across the sky bv 
killiiig a child, and his transit is still dependent on someone's dying 
every day at morning, noon, and evening. Sun has two houses for 
daiJy use. In the morning he “comes out standing to his sacred place,” 
In the evening, he “goes in to sit down at his other sacred place.” The 
farthercst point on the horizon tliat he reaches at sunrisa or sunset, 
the norOiemiDost point in snmmer, the soutliemtnost point in winter, 
is the “house” where he remains 4 days before turning back to winter 
or to summer. 

In no Pueblo myth except at Oraibi is Sun descril«d as a creator. 

The Hopi hold special cerenionies on observing the solstices for the 
purp<3se of sloivitig up the gun on its way toward winter, and hastening 
it on its way toward spring. 

Eclipses are viewed with fear as portents of evil. One year there 
was a lunar eclipse on the evo of the day the school children at Santa 
Fo were to return to Taos. The Governor of Taos telegraphed the 
school authorities to poetpouc the children’s journey, end it wos post¬ 
poned for a week. (Parsons, 1039.) 

The Natchez were one of the civilized tribes of the lower Mi^tsaippi 
Valley for whom, fortunately, we have rather complete data before 
the native culture broke down under the impact of European civiliza¬ 
tion. They were monnd builders and their beliefs and customs re¬ 
sembled more closely those of Mexico thnn any other group north of 
the Bio Grande, and probably resembled the beliefs of the former 
occupants of the great mound groups of tho southeastern area gen¬ 
erally. 

The Natchez believed the universe to be filled with spirits in human 
forms who differed in power, tho most' powcrfnt of all being a sky 
deity who lived in, or was connected with, the snn. Here we find our¬ 
selves a step in advance of the usual northern concepts regarding the 
sun, " 

The Sun clan was considered to be descended from this eky deity 
and hence, had a divine right to the unusual honors and regard lavished 
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upon iti as head of the Sun people, the great chief was the 

representative of the deity on earth and was to be tr^tod accordingly* 

In other words^ the Natchez state was a theocracy. The Suprejne 
Being resided in the Suo. The son or near relative of the Supreme 
Being, having come to earth, taught jnoo religious customs, estab¬ 
lished the government, then retired into a stone which cootmued to 
dwdl with the people in the innermost sanctuary of the temple, and 
his descendants ruled in hifi place. The great chief, supreme ruler of 
the Natchez, lived in the temple and was revered as a demi-god. 

Charlevoix, who lived among the Natchez, gives us this description: 

Everj [DorD]Qf as sood na the Sod appears, the ^rcat ehtef cetoGa to the door 
of hlfl cnblOn tnrDs hltnself to iho ecstg and howls three times* bowing down to 
the eartlu Theo Uaev bSa a cglumet, which aertes only for thEs purpcise. 
He EmokeB* nnd btowa the sionke oC hUi tobacirD toward Ihe Sdo: then he does 
the Bame thlDft toward the other three parts of his worlds He aeloiowlcdifes no 
siil>eHor hot the Snn^ froBq which he pretends to derive hla orlrfD, Be exerdees 
AD nnHmited power over hlfl stitijecl^ cao dispose of thidr nad livM, and 

for whatorer Inbors ho reOihlfes of them thej ofm not demand anj recompense. 

I--e Petit gi ves lis a similar account* 

The eon Is the pFlDcIpfil object of veneration to thoeo people; aa thej cannot 
coooelTO of fiiuftlitn^ which dm ho ahovo this heavenly body, notbln^ else appears 
to them more worthy of tlieir hems^. tt ts for the same reason that the Ricat 
chief of this DatlOD* who knows oothinE; on the earth more dieniaed than hlroaelf* 
takes the title of Brother of the Sum anrl the crednl Uy of the people nu^intatzis 
him in tbe despotic authority whfch he ckfma To enable them better to cod' 
verse together they raise a mound of artlflclal aoll on which they hulld his cahlm 
which Js of the same conttructloa as the templeL The door fronts the Mist, and 
every momlniE the freat chief honors by bis presence the Using of his elder 
hrotherp and salntes Wm with mnny bowling ns soon os he nppoars above the 
hortscon. Then he irivefl orderii that they shaU llfhi his atlumet; he mokea him an 
otTerLugof the Orst three puffs which he draws; afterwarda ralolnp his hnnd above 
Ms bead and turning from the east to the we«t, he ihowi him the direction which 
he must take In hli conrm, 

Nest to the sacred stone, the holiest object in the tejople was the 
eternal fire, which was supposed to be deriTed directly from the sun. 
The tender of this fire had one of the most responsible duties in the 
nation since, if it were allowed to go out, tbe ^er^ nation itself would 
be extinguished. (Swanton, 1011.) 

The Southoastem tribes in general had aimilnr ideas of the sun and 
of the relationship between the sun and fire. Adair, an early traveler 
among the Creefa, records an mteresUng episode that he witnessed at 
a Creek ceremony. A Creek having become intoxicated, reeled into 
the fire and roared, foamed, and spoke the worst thin^ against the sim 
that their language could express. He apbrajded him with ingiati' 
tilde for having treated him so barbarously in retnru for his religious 
offerings, affirming he had always sacrificed to him the fir^ young 
buck he had killed in the Xew Year; he had always offered him when 
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At borne some of the fatteet meat^ even when he wa^ on short allow¬ 
ance^ on purpose tliat he might shine on him bindlj^ he added, 

^now you hare prore<l to be like on evil spirit, by biting me who was 
your constant devotee, and are kind to those accursed nothings (the 
white people) who are laughing at you as a rogue and at me as a 
fool, I assure you that I shall renounce you from now on, and instead 
of giving you fat meat you shall get water^ 1 am a respected warrior 
and as such I scorn to lie—^you shall therefore immediately fly above 
the clouds^” 

Tlie psychology here is all Aboriginal and fits in with the Xatchez 
belief as described. The connection between the ceremonial fire and 
the solar fire is apparent. 

Since our American Indians are of remote Asiatic origin, it is inter¬ 
esting to note that many of these ideas of tlie sun are still to be found 
in Asia. For example, the nncicnt religion of Japan is known as 
Shinto or ^the way of the Gods.^ It is essentially a worship of nature 
gods, especially tlio sun, and not of ancestors as has sometimes been 
erroneously stated^ 

This ancient worship of nature gods was long thingt into tlie back¬ 
ground by Buddhism, the moral tMchin^ of which contrast witJi the 
absoitoe of ethical teach ing in Shinto^ 

However, since Japan recently started her campaign of conquest 
tliere has been a general return to Shintoism as better suited to a 
militaristic people* It ts interesting to read what Sir James Frazer 
wrote more than 20 years ago i 

Tlie old fflltb irtin reLafefl n certain aold on tbe mtnd nl tbe pei^le, manlfeatlna 
Itself particularly that A^oFstlon af the which Appears to have been froin 
the eariiefjC tlmen a snlleut fenititie of the antlpaal reUglaii. The Ahaence ef a 
moral code In acknowledged hj modem imtire comnientatoTB, who 

account for It by the Innate perfection of the Jnpaneae natnret which reudorn ouch 
outwonl ptopA of uioroUty iuperAiiona. It la only, they Imdnuate, the tnfertor 
race*, such as the Chinese imd EuncFpeana, who«o natural deprarUy reuDirea from 
time to time to he corrected by the preAChln^ of sngeg and reformeto. 

Of all the Shinto deltleo {kacifn)^ the most eminent la the Eun Goddess, the 
peroohlfkatlott of the phyalcnl nnii. She la deserlbod as the Ruler of Hearen 
and na aorlTflled in dignity. She wears royal JaslfDla, La snrroundod hy tnlnlltem, 
end ia Bpokon of In terms appropriate To persinaa^es of aOTereEmi ranln From her 
the Mikado^ clatm to derlre their descent and nuthorltj, ^et ahe Is hardly 
what we understand by a Supreme Being. power does not extend to the sea 
and to th# LaueI of Bnrkne.SH ttyoinl), the Jnpanese Bndes. The copmiiafllon 
to mie the Heaven was conferred on her by her parenfa, and dtd not by any 
meana convey despotic power, Xcuportaat cel^Lal mnttera; are determined, 
not by her, but by a Connell of the GotU. The heavenly conaUtutton, Ulte Its 
earthly counterpart, on which no doubt It wna modeted, IB far from bolng an 
nbsalote monarchy. 

The onllnary ynonnese name of the Sun Goddesa |j Ama^enuu no Ohc^kamlt 
^Ihc Heaven-nbltklng Great Hvltj'^. 
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Partly under wvtr of a name which is lass intelligible to the miilti- 
tude, the tendency has increased to throw the solar nature of the god¬ 
ded into the shade and to conceire of her simply as a general Provi- 
denoe at the eipense of other diTuiitiea In this way she has mnde a 
distinct advance to the dignity of a supreme monoUieiatic deity. 

(Fraser, 19^6.) . u * * 

We find, therefore, among the American Indians, that the tribes ot 
simple hunting, fishing, and sccd-gathering cultures regard the sun 
as of distinctly minor importance. In some instances the sun is 
looked upon as an iuani mate object, the pawn of various minor deitiea 
In other cases, usually in tribes of slightly higher culture, the sun is 
personified as a male or female being whose presence and activity is 
accounted for in myth, and b usually linked with the moon. Seasonal 
phenomena are but loosely connected with the sun and calcndricul ideas 
are crude and Tery limited. 

Among the more advanced non agricultural people, such as the trib^ 
of the Northwest Coast and the Eskimo, concepts of the sun arc simi¬ 
lar, but astronomical observations are made, the solstices are observed, 
and the calendar is more developed and ^’Stematic. 

The Pueblo tribes of the Southwest Stales, a well-advanced agricul¬ 
tural group, represent the neit stage. Hero tlie sun becomes very im¬ 
portant but is still secondary to a few other deities such as the Corn 
Goddess. Signs may be seen, however, of the beginnings of a higher 
conception of the stiu as a sky god with such customs as the presenta¬ 
tion of newboni children to the rising sun. Astronomical ohsemtiona 
are rather advanced. Much significance is attached to the soletit™ and 
the seasons, and the connection of the sun with life and growth b wed 
recognized. 

The Netchei, probably reflecting Mexican ideologies, regard the 
Sun God as the Supreme Being, but with many lesser deities also 
recognized, the visible sun being the residence of the personified Sun 
Deity. The Sun Priest, human repreaentative of the Sun on earth, 
is a lineal dcsccndenl of the Sun and oa such is treated as a deity. 
The eternal fire aymbolizcfl tlie Sun and man’s dependence on it for life. 

The high civilizations of Middle America are typified by the Aztecs 
and the Incas. Hctb again the sun is the Supreme God, but the abstract 
concept of the god is not so much confused with the visible sun, w hich 
ia regarded more as a symbol than a godhead. Thus, a tjTtoid Inca 
prayer to Huiracocha, the Sun God, says “^Oh Huiracocha, whatever 
form thou hast, wherever thou might bel” 

The Azteca had a sunilar abstract idea of the Sun God, 

The .(Vztflcs and their neighbors developed, along with the increasing 
importance of the sun, an elaborate calendar system. Among tlie Maya 
this achieved a greater perfection than it had in Europe at the time 
of the discovery of America. Thb calendar was used by the priests 
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to sel^t lucJiy and unlucky daj'aj and tlieir astrauomical observations 
were so accurate that they were able to foretell eclipses. Among all 
these tribes there woe a tendency to transfer the attributes of other 
nature gods to the sun as tlie Suu God grew in importance. 

However, St is intejeeting to note that as between the Aztecs and the 
^ca, ritualistic attitudes toward the sun differed widely. In each 
instance we have a picture of polytheism in the process of turning into 
monotheism through increased recognition of the vital role played by 
the sun in the life and affairs of man. 

Iho next stage in this process is where the astronomical sun is more 
or less completely divorced from the god which developed from the sun, 
to b^mo a supreme god of life, cuiminating in the recerst stages of 
civilization where the meclianisdc or astronomical concept of the uni¬ 
verse supplies the explanation of the heavenly bodies, and the god 
idea is completely separated from immediate connection with them. 

In one sense this completes a curious cycle, since otherwise it is only 
^ong the most primitive trihea that we find the sun regarded as an 
inanimate object. 

Among tlie American Indians this cycle was never completed, but 
reached its greatest ad vance among the Middle Amrericau agricultural 
civilizations. 

The range of ideas concerning the son varied from the naive idea 
that it was a ball of fire, convenient, but not essential, to man, to the 
elaborate astronomical concepts of the Maya, who, while they did not 
understand the true nature of the universe, nevertheless observed so 
accurately the movements of the heavenly bo^cs that they had worked 
out the periods of the aun, the moon, atid the planets more accurately 
than any other people in the world up to their time. 

It would be interesting, though ftitile, to speculate on wlmt their 
achievements miglit have been had not European civllkatlon inter¬ 
vened. 
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HUMAN PBOBLEMS IN MH^ITABT AVLVTION' 


By Din_cy Wi Bbo™ 

Professor of Bwphjfsks and Director of ^ho Johnson R^seorch Foundaiiork, 
UnirersUtf of Coordinator of EescarcJi, Omc^ of the Air Smrffeon, 

Hoadijuariers Armp ^tr Forces 


One of the memorable eiperiencca of this war is to stand at eve¬ 
ning in the great court of Trinity College^ Cambridge, outside Isaac 
Newton’s rooms, tmd watch Bie flying forts T^turn, Against the soft 
English sky they move in stately fonut^tipn, seeming to proceed 
slowly because of their great height Their silhouettes^ floating by 
the hundreds through the wiaps of clouds, move one with admiration 
for inan^ mechanical genius that has diiven bis machines into the 
skies, against the force of gravity. 

A little latcr^ in the gathering dusk the fortre^eg roar down the 
mnwajs of their scattered fields^ and the machiDes are revealed as 
mere insiruments of human crews. Waist gunners rit casually in their 
openings, waving as they pass; bombardiers are in their transparent 
cages; pilots tasi their ships to rest They are men returning from 
a mission made doubly hazardous by enemy action and the daugere of 
an onvironment unnatural to man. These are the crews who makes the 
majestic armadas of the air a symbol of man’s now freedom from 
natural timitationa, gained by courage and by science. 

The history of aviation is a long rsiord of man^ restless urge to 
exceed the physiological restrictions of his body. It first appears 
in mythology and ancient literature as a desire for tlie birtls’ freedom 
from the grayitational tie to earth. Yet, when in 1783 man was at 
last freed from his earth-bound life, he wjis but starfed on the con¬ 
quest of hia limitations. Each new- power prenddod by the physical 
Bcienecs has placed new stresses on the human body and has carried 
man into enrirenments to which he has not been adapted by the slow 
process of evolution. 

The first of these limiting conditions apjwared soon after the pioneer 
balloon ascent. For by I8fl3 the scicncje of aeronautics had so far pro- 
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(pressed that Ilobertson, the French physici^, $Fi]coecdcd in refiching 
an altitude of S3,000 feet^ where he experienced an overpowering 
sense of indiTerence. “There/* said he, “the scientist is no longer 
sensitive to the glory and passion of discoveries, and it is only by the 
aid of a little fortifying wine that he succeeds in finding intervals of 
mental clarify and power.** 

Driven by the urge for greater range of action, man*s ingenuity 
devised means for ascent to ever higher altitudes, until in 1862 
Glaisher, the English meteorologist, and Coxwell, tils ballon engineer, 
reached the limits of human survival. They went to a reported alti¬ 
tude of 39,000 feet, but Glaisher was unconscious, and both would have 
perished had not Coxwell, paralyzed though he was, seized the valve 
cord in bis teeth and released the gas hy vigorously nodding his bead. 
On recovering consciousness, Glaisher voiced man*^ faith in the power 
of science to break the bounds of human limitations: “I certainly 
shall not take it upon myself,** said be, “to set the limits of human 
activity and indicate the point, if it exists, where nature tells the 
aeronaut: *You shall go no further/** 

His confidence was soon justified, for it was but a few years later 
that Paul Bert, the physiologist, discovered the cause of man’s failure 
at high altitudes and prescribed the means for overcoming this restric¬ 
tion on human Sight. Tw‘o causes were suspected: the reduced baro- 
metric pressure and the lower volume concentration of oxygen in the 
atmosphere, BoDi of these factors are now known to a hazard 
to the airman, but tlie cerebral symptoms then described were shown 
by Bert to be the consequence of too little oxygen in the inspired air. 
This he proved by placing a man in a large metal chamber, in which 
he could be subjected to one or the other of the two conditions. 

From tliat time on, tlic vitiil dependence of the brain upon an ade¬ 
quate and continuous supply of oxygen has been well recognized. The 
recent development by my colleagues—^Davies and Brink—of an elec¬ 
trochemical method for measuring the concentration of oxygen among 
tlte nerve cells of the intact cerebral cortex emphasizes this essential 
need. By exact measiiiements, It is now possible to gain a clearer un¬ 
derstanding of the brain*s lequirement for oxygen and tbs factora 
which regulate the supply of this essential element. Pertinent to this 
discu^ion is our observation tliat as the recording electrode is moved 
to points on the cortex farther and farther from a blood vessel, the 
concentration of available oxygen decreases steeply until, at a point 
25-^ microns from a vcasol, the concent ration may be le^ than a 
tenth of that in the arterial blood. This steep gradient of concentra- 
iion msuj^ effective diffusion of oxygen to the ceils, but their avid 
con^mpt ion breps the reserve supply at a low level. In conseqnence 
of tins, a deficiency of oxygen in the blood is quickly followed by a 
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precipitate drop in tl« oxygen surrounding the cella. Bapid failure 
of nervous fonction tlien ensucss. 

To protect the cells of tbe brain against this ciangrr, the humun 
organism jjossesses a remarkable system of letlexes. When tlie oxy¬ 
gen concentration in tbe blood flowing to tlie brain declineSj certain 
nerve cells are stimulated to action, and that action causes an increate 
in tbe rate and depth of respiration. Thus more oxygen is again 
supplied to the blc^ flowing through the lungs. The heart rate is 
also accelerated, and more blood is sent to the brain in order to main* 
tain the necessary diffusion of oxygen out to tbe nerve cells. 

£ven in the early days of flight, such a sequence of events was 
observed to be a natural protection of an airman agamst one of the 
dangers of high altitude. For in 1601 Gay-Lussac reported Uiat his 
heart rate and respiration were progressively increased during the 
course of a balloon ascent. But as the aeronauts asceuded to higher 
altitudes, where the oxygen was less plentiful, the physiological pro* 
tective mechanisms were ultimately inadequate. To supplement these 
natural powers of adaptation, it was, accordingly, ncceiusaty to provide 
some means for increasing the oxygen delivered to tbe lung^ To do 
this, Paul Bert simply provided small containcra of oxygen, with tubes 
which could be inserted tn the mouth. 

For 50 years this simple expedient satisfied the needs of airmen, 
excepting the few who went to unusual heights. But now tlie strategy 
and tactics of aerial war make operations above 60,000 feet a routine 
event, and new problems have arisen. At those altitudes, the oxygen 
in the atmosphere is so low that care must be taken to seal the nose 
and mouth against the outside air, lest the oxygen drawn from the 
reservoirs be too much diluted. To accompli^ this, facial masks have 
been designed which open to the air through a valve only during 
expiration. It is thus possible to deliver pure oxygen to the flyer. 

If this be done for tbe 10-man crew of a bomber on a 6-hour mission, 
hundreds of pounds of oxygen tanks are required. ITiis, in turn, re¬ 
duces the gasoline and bomb load by a corrraponding ^ount, and the 
airmen, although physiologically protected, accomplish less on their 
military mission. To make the most effective compromise between 
human neceaaity and strategic efliciency, it is* accordingly, desirable to 
SQppjy just enough oxygen to satisfy the requirements of each indi¬ 
vidual under any condition of altitude or bodily activity—just I bat 
and no more. 

The natural indicators of what this need is at any moment are the 
nerve cells of the respiratory centcre, which regulate the rate and 
depth of respiration. Their action can, in turn, be made to control the 
flow of oxygen to the aviatot^s ma^, by placing in the supply line a 
r^ulating valve which is activated by the suction created by each 
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inspiration. To gain furtlior economy, osygen from the tanks is mi*ed 
with outside air so as to ntilize the oxygen aviulable in the atmosphere. 
In order that this dilution be not too great at the higher altitudes, the 
mixing occurs through an oneroid-controlled valve. It will be obidous 
that the safe and economical design of such equipment depends upon 
precise physiological knowledge concerning the rate of oxygen supply 
required by the human organism, the indiyidua] variations in tliis 
i^uirement, the additional oxygen needed at any altitude, the tolerable 
inspiratory and expiratory pressures and the effects of varying degrees 
of work on the respiratory demands. Our modem oxygen supply sys¬ 
tems are, accordingly, the products of close cooperation between the 
pliysiologist and the engineer. With this equipment, men now go 
safely to 38,000 feet, 

'Ihere new liinitations appear, for the barometric pressure at those 
altitndea is so low that insudicient oxygen goes into the blood passing 
through the lungs, even though pure oxygen be delivered to the mask. 
Unless this situation is overcome, new aircraft demgns and engine 
superchargers are not usable in outreaching the range of enemy anti¬ 
aircraft fire. To satisfy the human roquirenrents at these great heights, 
oxygen must be delivered under a pressure sulliciently high to load the 
blood ad(M|uately. 

Two methods are now available for accomplishing this. One is to 
design the oxygon regulator, valves, and mask so that u pressure can bo 
maintained greater dian that of the ambient air. The other is to seal 
the aircraft cabin and keep the interior at sufficient pressure by means 
of a mechanical com pressor. The first is a temporary exped lent. The 
latter is an ideal solution, for it gives tlie crew adequate oxygen with 
complete freedom of movement, unencumbered by mask and tubes lead¬ 
ing to u reservoir. The scaled aircraft enclosure lias the further cod- 
siderable advantage of providing warm surroundings for men who 
most quickly go from a temperate or tropic climate to regions where the 
temperature is 40’ F. below aero. With such pressurized cabins the 
engineers have at lost restored to fliers their natural environment, 
while UkJng them to altitudes unsuitable for life. 

(^e of tJie most dangerous hazards of bigh-altltude flight is tlie 
insidious character of the aymptoms of beginning oxygen want. As the 
early baUooniste described them, they are lack of mental clarity or even 
a sense of well-being tliat masks tlte danger of imminent catastiopbc. 
It is, therefore, not feasible to rely upon the judgment of an airman as 
to when ho is in need of his supplementary oxygon supply, unless he be 
thoroughly familiar with his physiological requirements and the means 
for eadtifjing those demandB, 

In order to forestall such dangers, the Army Air Forces and Uio Xavy 
have dunngthis war instituted Altitude training progrumB for iustract- 
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mg every pilot and air crewman in the hasie phjsiolog'ical principles 
that relate to life at high altitudes. In the Army, 60 modem replicas 
of Paul Bert’s **aJtitude chamber’' have been erected at 45 airfields. 
Cnder the direction of some SOO aviation physiologists, student fliers 
in groups of 10 or 20 arc placed h) these chambers for several hours, 
while the stmosphere is made to resemble that which they will later And 
at ii5,000 or40,000 feet. Under careful supervision, tliey experience the 
effects of inadequate oxygen and are taught to use the equipment avail- 
abb in combat aircraft for providing the additional oxygen they will 
require. Finally^ the ‘^chamber flights’^ are supplemented with lectures 
which give the physiological bask for the practical demonstrations* 
Forty-five thousand men a month have been given such instructionj in 
what is probably the largest medical traming program over developed 
to overcome an occupational hazard* This is an es^tial part of the 
training that fits the crews to fly the great bouibing missions over the 
Naid’s European fortresH. 

The problems I have thus far discussed differ only in degree from 
those encountered 50 years ago in slow-moving balloons^ TLliO high 
speed which gives to modern aircraft a unique tactical advantage now 
confronts the flight surgeon with quite new problems. For the air 
crews not only ascend into ati unnatural environment, hut they do so 
with terrific speed. Climbing at a rate of 80 feet a second, an ainnan 
in G minutes reaches an altitude of 6 miles, where the barometric pres- 
flure is but one-tliird that at sea level* This sudden change in the pres¬ 
sure acting on the body unbalances die equilibrium of gas pressures 
within its cavities and tissues. The painful inward pressure on the 
ear drum when the eustachian tube cannot be opened is a famihar 
experience of all who have flown. But only the militoiy aviator going 
quickly to SO,000 or 40,000 feet knows the excruciating pain caused by 
the sudden liberation of gases from solution in the blood or other body 
fluids. 

It has recently been sho^vn that during these sudden changes of 
pressure minute gas ntzeki on the surface of cells or on the inner walk 
of blood vessels rapidly expand in size, growing with the nitrogen, 
carbon dioxide, and oxygen that is liberated from the surrounding 
fluid as it Is decompressed. As bubblers of gas arc thus formed and 
grow, gome Io<lge in amon terminal vessels where they obstnict the 
flow of blood. Nerve endinga tuay thus be deprived of oxygen and 
pain resulta Or regions of the brain are likewise put out of action, 
with widespread and serious consequenceSL 

I must hasten to add that this widely accepted explanation of the 
cause of the pain of decompression siclmess is not conclusively estab¬ 
lished. The theory has, however, served a useful purpose, for it has 
led to a practical and fairly rcliabk method of preventioti. Assnm- 
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ing thiit the bubbles at® largely composed of nitrogen—4bat being 
the most plentiful source of gas within the body fluids—it was sug¬ 
gested that the supply of nitrogen for bubble formation could be 
reduced by breathing pure oiygen for some time before a flight. 
Nitrogen in the tissues is thus replaced by oxygen. Beenuse the oxygen 
is consumed by ocllular metabolism, and because its tension in the 
blood rapidly falls when a little is removed, it is less potent as a 
source of bubbles. This has been proved experimentally, and the 
practice of breathing oxygen before a flight or on the climb to altitude 
is now a proved means for preventing decompression pains. 

Ultimately Uvese aymptoma will be unknown, for, in tbe sealed-cabin 
aircraft of the future, compressors will maintain the pressure constant 
throughout a flight to any altitude. In the mcantimBi engineering 
science has given fllerg machines which overtax their physiological 
powers of adjustment. To make possible the tactical employment of 
these aircraft in long-time, extremely higb-altltude phott^rapbic 
reconnaissance or in rapid-elimb bombing flights, the discovery of the 
preoxygenation procedure has been a great- boon. 

Tliere Ig another notable instance in which the accomplishments of 
the engineers have exceeded the capabilities of the flier. Two of the 
primary requirements for good fighter craft arc high speed and great 
maneuverability. These are the characteristics which enable them 
to excel in plane-to-plane combat, to evade the heavier fire-power 
of larger craft, and to give effective protection to our bomber missions. 
Engineers and metallurgists worked for years to develop these planes 
that would witlistand the centrifugal forces of high-speed tun^ but 
during that time there were no corresponding improvements in the 
physiological mechanisms of the men who were to utilize these new 
machines. 

A normal heart and circulation will deliver enough blood to the 
brain when the body is erect or recumbent, and will meet the needs 
during sudden changes in posture. Nerve messages, front pressure- 
sensitive nerve endings in the walls of the carotid artery and in the 
arch of the aorta, promptly report to the nerve centers regulating 
the heart and blood vessels a drop in blood pressure in the vessels 
supplying the brain. The effect of this is an accelerated heart rate 
and a constriction of peripheral vessels. Thus the circulation of the 
brain is again increased. But the cardiovascular system and this reflex 
control were not evolved for pumping bloo<l made five to ten times as 
heavy by a suddenly applied centrifugal force. 

Under these conditions, blood accomulaies in the lower extremities 
and it) the viscera. The result is an inadequate supply of oxygen to the 
nerve cells in the brain. “Groy-out,*’ then "black-out,’^ of vision are 
the first effects. If the centrifugal force be sufTiciently great, and 
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proloflgeii for some ecconda, loss of consciousness will fol low. In less 
sevcte maneuvers there may be no obvious symptoms, but the o^ti- 
repeated reduction of cerebral blood flow causes fstiguOi irritability, 
and inefficiency. To help the human body meet these stresses imposed 
by the swift combat pJanes, belts and suits have been devised which aid 
the heart, by preventing the pooling of blood in tiio lower parts of the 
body. Without such devices the plane is but a futile object, unsuitable 
for use, A pilot may execute matieuvers that cause repwated bbek-out 
with DO evidence of permanent damage, but he is a relatively ineffective 
fighter uuder those circumstances. 

Aircraft maneuvers which are ciuite inadefiucite to produce such 
cerebral effects exert forces on the human body which make unreliable 
the normal sensory mechanisms concerned with posture and position. 
The force which holds the plane in s banked turn, or in a loop, also 
acts upon ths gravity pcceptors, the tension receptors in the rnnsdes 
and the teudons, and the sensory mechanisms in the Bemicii'culflr canals 
which detect rotation. These sensory pathways are then stimulnted 
by the resultant of this machine^ixerted force and that of the earth’s 
gravitational field. Because the sensory mechaniani is unable to re¬ 
solve these two components of the stimulating force, a true sei^ of 
orientation in space is lost. The fals® sense of position must then be 
corrected by visual reference to tJie earth. And so, when clouds or 
darkness interfere, the pilot becomes incapable of maintaining a de¬ 
sired course relative to the surface of the earth, “The night is c-omej 
be then the night obeyed” was accordingly the rule of aerial combat 
in the First World War, as it was for the fool-soldier in the Homeric 
battle betw-ecn Hector and Ajax. 

Finally, however, the causes of man’s inaptitude for directed flight 
without visual contact with the earth were recognized. It was then 
possible to devise instrumental aids to the senses, and flight through 
clouds and darkness became safe and commonplace Once again the 
physiological characterirttes of the flier had limited his ful! utiUifat ioii 
of the aircraft; once again medical scientists defined the need, and 
physicists provided instruments such as the artificial horizon, tlie 
bank-and'tum indicator, and tie gyroscopic compass to supplement 
the senses. And so, the scope of human flight was once again increased. 
But, as we shall sec, still more huintm problems were thus created. 

The development of instcumenta that make possible flight by night 
has greatly extended the tactics and strategy of aerial war, for it 
enables the airman to utilize nature’s most effective form of camoufla^. 
Unfortunately, this advantage is also available to the enemy, and this, 
then, requires & keen ability to see through darkness the dim form of 
an enemy aireraft. Physicists are already at work extending the 
range of night vision through radar, but in the meantime men fly and 
fight with the aid of their natural vision. 
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To watch a night ioiBsioii return to blacked-out Britam or to see 
hundreds of gliders sweeping into nnlit cornfields during an airborne 
maueurer, is to appreciate how unnatural such duties are to the boy 
who has grown up with an electric-light switch at his finger tip and 
a fiasliligbt in his pocket. Even the (ii^t surgeon has had to recall 
forgotten facts concerning the mechanism of night rlsion: the f e et 
that the cone cells of the retina, which are used in day vision, do not 
respond to dim lights; tliut the rod cells, which are used in ni^t 
vision, ai-e located in the peripheral regions of the retina, so rfint one 
8^ a dim object best by looking a little away from it; that the seuai- 
tivity of the rods is destroyed for some time by a bright light, and is 
least affected by red of all the colors^ The translation of these prin¬ 
ciples into tactical practice is an important element in the succe^ of 
night opera tioDS. 

A first step toward this end was a revision of lightmg practice on 
airfields and in aircraft Dark adaptation foUowing prolonged expo¬ 
sure to bright light requires about half an hour, and until then night 
vision is below normaL Accordingly, a pilot who goes tjuickiy from 
a lighted room into combat is rebtively blind and under a severe 
handicap. He is likewise at a disadvantage on looking from his 
lighted instrument panel out into the darkness where enemy planes 
are hidden. To protect the airmen against these hazards , the Air 
Surgeon has recommended that lights to which the fliers are exposed 
shall be red in color, whenever that is possible. As has been said, 
this makes possible cons vision without afiecting the subsequent sensi¬ 
tivity of rod night vision. 

A more far-reaching effort to improve human efficiency in night 
combat is the establishment of a night visual training program. Fol¬ 
lowing the pattern of the altitude training program, the Army Air 
Forces have developed a course of iostruction which will familiarize 
the airmen with basic physiological principles relating to night vision; 
will warn him of the harmful visual effects of unnecessary light, of 
diets inadequate in vitamin A, and of insufficient oxygen. To this is 
added several hours of directed practice in the detection and identifi¬ 
cation of faintly illuminated objects. We have reason to believe that 
it is tbns possible to improve visual performance in night operations 
by as much os SO to 40 percent. 

Just prior to our entrance into the war the National Bcscarch Coun¬ 
cil sponsored a survey of the sensitivity of rod vision in a group of 
several thousand military personnd. ike results confirmed Hechts 
laboratory findings that, within a normal population, some individuals 
are 15 timea better fitted by their retinal characteristics for night 
observation than the poorest, and 5 to 10 times better than the average. 
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It is, accordingly, possible to select, with appropriate testa, the indi- 
Tidaals who are naturiitly qoalified for exacting night deity, and to 
eliminate the undt. 

This is bnt an instance of one of tbe most important responsibilHies 
of the flight surgeon in a technological war. By nature all men are 
not equal; the more exacting their tasks^ the more important does it 
become to select those best fitted for specific duties. And so the med¬ 
ical services of the Air Forces have during the last SO years developed 
searching t^s to determine the physiological fitness of an individual 
to meet the stresses of aerial combat But even these fail at times 
to reveal some subtle incapacity, and we have accordingly added to 
those tests certain realistic examinations under actual conditions of 
enviromnental stress. Sach is the observation in an altitude chamber 
of each prospective airman for abnormal reactions to high altitude. 
If he reacts unusually to mild lack of oxygen, he may be rejected; for 
temporary emergencies arise with even die best oxygen supply equip¬ 
ment. Or an individual who is especially susceptible to pain during 
decompression is limited to low altitude operations* 

Beyond these more obvious physiological characteristics of his con¬ 
stitution are the mental, emotional, and temperamental aptitudes of 
the candidate. The demands of constant attention to exacting opera¬ 
tions, the frequent necessity for quick decisions of vital importance, 
and the constant threat of disaster place a severe nervous strain on 
an airman* Those who are considered to be incapable of withstanding 
these stresses are eliminated* But even tliose who must bo judged 
mentally normal ultimately face severe threats to their enduraneo* 
To ease their strain, the medical exam [nation of airmen has been 
broadened to include a psychological osse^ment of a candidate's intel¬ 
lectual qualifications and his special aptitudes. Thus, the fitness of an 
Individual for the highly technical work of aerial war is judged by an 
appraisal of the man as a whole—physically, mentally, and tempera¬ 
mentally* The chances of his suctxs in his job depend upon the accu¬ 
racy of this appraisal. Even more important to the flight surgeon 
is the fact that the chances for good mental health are better if the 
man is given the work for which he is best fitted, and the danger of 
acciden ts or sickness is less. 

In a series of psych ologica! research units each trainee is carefully 
assessed by interviews, written examinations, and psychomotor manip¬ 
ulative tests* Those who demonstrate good judgment, facility in learn¬ 
ing eye-hand coordinations, and a high degree of emotional stability, 
with qualities of leadership, are preferred as pilots; accuracy of motor 
coordination in the exeention of precise manipulations and a quick 
reaction time meet the requiraments for a bombardier; an intere^ In 
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matbfiinatics and logical, praciae liabite of thinking suggest assignnie&t 
as a navigator. 

That the psyctiological examining stations are inferred to as “re* 
search units,^* indicates the exploratory and experlinental nature of 
this program. Criteria for acceptance into air-crew traimng and for 
assii^ment to specialised duties are frequently reviewed, so that the 
predictions shall be as accurate as possible. To accomplish this, tha 
tests are constructed so as to meet the needs of the operations for which 
men are being selected. And the predictive accxiracy of the tests is, 
from time to time, checked against subsequent performance, by assign¬ 
ing groups of men to duties without taking into consideration tlie psy- 
cliological evaluation of their aptitudes. 

The evidence gained from one large, typical group demonstrates the 
extraordinary value of this program of selection and classification. 
From among those of this group who had been judged by the p^chol- 
Dgists to be best qualified for the duties of a pilot, only 4 ]>ercent were 
eliminated by the flight instructors during primary pilot training, 
whereas 78 percent of tliose who had been consider^ unsuitable by 
the psychologists were “wadted oat” by the instructor. There was a 
similar accuracy of pivdiction for the subsequent performance of navi¬ 
gators and bombardiers. Also of medical significance is tlie value of 
this selection in the reduction of flying accidents. The 15 percent 
considered least qualified for pilot duty, on the basis of the psycho¬ 
logical tests, had three times as many accidents during pilot training 
as had those cadets who had been judged to be the 80 percent best 
fitted for their duties: 

I have dwelt at length on the human problems created by modern 
combat aviation. To these I might add certain others which arise from 
tlie wide-flung system of the Air Transport and Troop Carrier Com¬ 
mands. Quick movement from the Arctic to the Tropics subjects men 
to sudden dianges of climate; forced landings in remote places taxes 
man's capacity to survive in strange and isolated environments; swift 
transportation of many troops favors the spread of geographically 
ro.stricted diseases. But each problem has been met by the application 
of medical and pityeiologicai knowledge, and from this swift trans- 
porlation has come a new advance in the practice of n:iilitary medicine. 

The same planes that carry weapons of destruction and personnel 
to the battlefields bring back the sick and wounded, quickly and safely. 
Within a few hours after injury, a man may be hundreds of miles 
tehind the lines in the security of a well-established hospital, where he 
is able to receive the best of modem medical and surgical treatment 
The impro'rised surgery of the field station and the alow agony of 
hospital trdt« that tortured the body of the wounded and the patience 
of the tactician, concerned with his supply lines, may soon be only 
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memories of the past. For in 1943 the Army Air Forces evacuated 
by air 1T3^2T sick ajid vroundec) patients (a figure that ta not to be 
confused irith announced battle casualties) with only 11 deaths in 
flight. This amazingly low death rate of 0.006 percent is effective 
refutation of those who doubted the medical feaaibUUy of the Air 
Surgeon’s farsighted proposals in 1639 for the creation of air evacua¬ 
tion squadroQSL 

An important element in the success of this undertaking has been 
the employment of air transport cargo planes and troop carrier planes, 
rather than specially assigned aerial evacuation planes. By using 
the return flights of the cargo and transport aircraft, equipped with 
removable litters, planes ha\'e been conserved, and, what is more im¬ 
portant, our aerial ambulances have been available wherever there 
is action. Once again, aviation has reshaped the strategy of warfare 
and has given new advantages that reduce the sufferings of combat. 

Few will be as bold now in predicting the future course of military 
aviation as was the founder of the American Philosophical Society 
in 17S3, when he watched Pilatre du Eerier make the first balloon 
ascent. “Tliis new invention moy possibly give a new turn to human 
affaii'S,’’ said Benjamin Franklin, “It may convince sovereigns of 
the folly of wars, since it will be unpractical for the moat potent 
of them to guard bis dominioits. Five thousand balloons capable 
of raising two men each could not cost more than five ships of the line; 
and where is tlie prince who can afford so to cover his country with 
troops for its defence as that 10,000 men descending from the clouds 
might not in many places do an infinite deal of mischief before a 
force could be brought together to repel them," Ftanklin’s forecost 
may still prove correct, and the great aerial assaults of today may 
indeed “conviuce sovereigns of the folly of wars,” If that comes 
to pass, it will be the greatest of aviation's notable contributions to 
human welfare. 
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BLOOD AND BLOOD DEKiVATIVES^ 


By Kpwi» J. CaBX 

of Phl^s(cal CKemiMir^, Eart<ird ifcditwl jS'cftoor 


IWiih I Hate] 

Our undcrtitsLidjiig of the cltc ulution i>f the blood followed lUe rapid 
devetopment during tlie audeeuth and sarentcontli centuries of our 
knowledge of anatomy. WllHuin Harvey {1578-1657) studied at 
Badua wJiera the Chair of Anatomy bad been held successively by 
VesaliuSf by Beal do Coluiiibusi by Gabriele Fallopioj and by Fabric! us 
of Aquapendeute, the latter carrying on tbe tradition in HaiTcy’s time. 
Be turning to England, Harvey continued liia studies and published liig 
great work^De Motn Cordb’- in 1G2S* 

Our miderstanding of tli© cellulor composition of the blood followed 
the development of the microscope^ Lreuwenlioek {1633-1723), fasci¬ 
nated by the phenomena revealed by the lenses he ground, achieved 
mugniheaLons with tbe aid of which he described the blood corpuscles 
first in the frog and theti in man. 

Comparably^ our uudet^ tan ding of tbe molecular composition and 
tbo multiple functions of the blood is following tlie beginnings in I he 
lUiiateenth century and the rapid development in the twenlieth of pro¬ 
tein chemistiy. Just as tlie development of tho microscope made it 
possible to distinguish the cellular elements of Oie blood, so advances 
in tlio methods of protein chemistry are niekUig it possible to distin¬ 
guish a large number of substances dissolved m the blood, each with 
difTereiit physicochemical and pbysiologica! properties. The separa¬ 
tion and concent rat ion of these substances make j>ossib]e a new mastery 
and give promise of u uew therapeutic control of the composition and 
the functional of this complex body fluiiL 
Blood has always been accorded a unique status iti the minds of men* 
It wiis early assoeifttcel with the seat of the souL The Bible disUu- 
guished repeatedly between tlie tissued and the blood. Association 
with the spirit of man is furtJicr attested by the large number of e^- 
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pi*essions in which sp€cml altributcs of nicii are associated with the 
nature and quality ol their blood. One said of a nt^leman or of a 
crunitial that it b “in biis blood”; of the culm and calculating tltat he Is 
”cold blooded”; of tite well-born ‘^blue blooded”; of the closeness of 
family ties ‘‘blood is thicker than water.” The scientidc evidence, as 
we sliall see when we consider tJie viscosity of bloody is adequate to 
prove the latter contention, but despite the great advances that have 
recetitly been made, it k not yet possible to distinguish chemical attri* 
butes of the blood whicli could form the basis for the other expressions, 
residues of the folklore of blood. 

Wlien Mephistopheles demands of Faust that he sign the compact 
pledging his soul in blood, Goethe lias Mepliistophelcs explain to the 
protesting Faust that “blood k a juice of rarest quality.” Goethe’s 
Faust apjieored at the beginning of the nineteenth century, Mar¬ 
lowe’s Doctor Faustus goes less far in ftreing blood of its biblical and 
medieval mysteries by ascribing to tt peculiar properties as a juice 
or body fluid. 

The mysteries that have always been ascribed to the blood have 
not been entiiely solved by modem science. Blood performs more 
functions than we have learned to ascribe to the substances in it that 
we recognised. We now rccognixa many substances in the blood 
whose functions are not yet understood. We may hope, however, 
to resolve these mysteries by increasing our knowledge of this “juice 
of rarest quality” which ia tlie circulating fluid of the body, 

THE BED CELLS A^’I) THE BESPIHATOHY FUNCTION OP THE BLOOD 

This circulating fluid contains cellular elements of various kinds. 
Most important among them are the erythrocytes or red cells and the 
leukocytes or white celk. The red cells perform the respiratory func¬ 
tion of the blood; the composition and functions of the white cells 
are less well known but are generally associated with phagocytic 
activity. 

The circulating blood k in equilibrium with all the tissues of the 
body. Anatomists had explored the distribution of arteries, capil¬ 
laries, and veins, and Harvey demonstrated the circulation of the 
blood propelled by the heart through this complex system. Kinc- 
teenth-century physiology recognlaed and investigated the interchange 
beiwooii the various tiameg and the blood which Qaude Bernard 
called the milieu int£rieur, or intemal environment. Considered from 
the point of view of respiration, Uie blood carries oxygen to the ti^ues 
and removes carbon dioxide and otlier waste products from them. The 
mwhanistn for oxygen transport ia not only situoted witlim the red 
cells but can be associated with certain specific protehis that they 
oontain. ^ 
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Proteins ar^ nmoag the largest Imown molecuies* AH lidng tissue 
contains proteins and the complexity of the protein molecule ia such 
that its synthesis in the laboratory is not yet envisioned. However, 
it is syntlicsized in processes of biological growth, and the shape 
and functions of the th^ucs may be thought of as depending in large 
part upon the shape and structure of the proteins of which they are 
composed. 

The protein within the red cel Is, which gives blood its color and per¬ 
forms its prime respiratory function, b hemoglubin. Proteins are 
largely com posed of nitrogen, carbon^ hydrogen, and oxygen organ¬ 
ized in the more than SO different ammo acids which are the building 
blocks of ptxiteins. Hemoglobin contains hundreds of amino acids 
held together by cbemkal combination, with loss of wateri of the 
aininn and carliosyt groups which all possess, The synthesis of pro¬ 
tein in the body xs balanced by hydrolysis of these same links which 
thus confer lability as well as specificity of structure upon these vast 
protein molecules. 

Hemoglobin performs its specihe respiratory function by virtue of 
a relatively sin all prosthetic group, attached to the molecule but 
readily separuled from it, which is not composed of amino acids hut 
of iron in a configuration of pyrrole rings* The iron in this configura-^ 
tion baa a high avidity for oxygen, combines with it, and is the means 
of its transport. The prosthetic group containing tlie iron is called 
heme, the protein part of the molecule globin. 

Let us examine the relative masses of the oxygen needed by the 
tissues and the various component parts of the mechanism which the 
body employs for its tranapoii^ Tlie atomic w'oight of oxygen is 16 
and of iron 55. Each iron atom combines with an oxygen molecule, 
that 3 oxygen atoms. The iron, however, is part of the heme group 
with a combining weight close to TOO. The faeme is attached to the 
globin, each iron to a unit of 16^700 equivalent weight. Iron-contain¬ 
ing proteins concerned with respimtion in muscle, known as myo¬ 
globin, arc of this size, but the hemoglobin of the blood stream has 
a molecular weight of at lenat ?t3,400 and generally of 66,800, in the 
former state combining and transporting 2, in the latter 4, oxygen 
molecules. Tlie molecule devised by nature for the elHcient transport 
of oxygen to the tissues ihus has a mass roughly SOO times that of the 
oxygen molecule to be transported. 

Wliy is the hemoglobin of the blocH} sfrenm contained within cell 
walls? The proteins which perform comparable respiratory func¬ 
tions in many forms of life are free in ihe fluid part of the blood. 
Tlie proteins dtssofveci in the fluid part of the blood of animals rarely 
exceed 10 percent, those dissolved in the fluid or plosmji part of the 
blood of man, T percent. This figure may be contrasted with the 30 
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percent of hemoglobin containecl in the red blood cell. Wero this 
concentration of hemoglobin free in the blood stream, it wonld bring 
about a redistribution of many other components than oxygen. It is 
the way of the body, or appears to be to tUose concerned with the 
study of its niechanism, to evolve processes wliicb in enliancing the 
efltciency with which certain functions are performed do not inhibit 
others. 

The function of transporting oxygen by the hemoglobin within the 
red cell involves a complex mechanism permit ting maximum combina* 
tion with oxygen in tlio Jungs and release of oxygen in the tissues, 
carbon dioxide increases, the hemoglobin unloads tl»e oxygen which it 
has transportDii. Another protein, an enzyme, carbonic anhydtose, 
accelcret cs and rendera more eftcien t this p rocefifi. In addition, the red 
cells contain other enzymta, including a catalase and a phosphatase- 
Thfl presence of these enzymes (suggests the nature of certain of the 
diemicnl reactions which ore involved in the internal economy of these 
ceils. Tliese vital processes also appear to limit Uie life of the red blood 
celi. For the life of the red cell, estimated to be roughly 3 months Ln 
the blood stream, is limited in the blood bank, under even the best 
methods of preservation at present Imown, to approxiinalely a month. 

No other part of human blood has so significant a function in trans¬ 
porting oxygen to the tissues, in permitting the very great activity and 
high order of mammalian respiration. Therapeutically, therefore, 
when tliere is great blood loss from a wound, when a major operation is 
to bo performed, or when the anemia which frequently occurs in con- 
valescsence from wounds must be combated, red blood cells must be sup¬ 
plied in amounts adequate to restore die osygen-canying capacity of 
ih^ blc»od« 

On the other hand, the lability of the red cells renders it difficult 
to develop a reserve of whole blood which can be transported to the 
theaters of operation at great distances and stored indefinitely against 
the uneven needs of a military campaign. There are, moreover, many 
functions of the blood other than those of oxygen trensiiort. These 
can be supplied by other parts of the blood, the more labile red blood 
cells being conserved for therapy for conditions in which they alone 
suffice, 

I‘^EJtS:UA AND THE PROTEINS 

Blood is readily separated into cellular and noncellular parts by 
centrifugation. The heavier cellular elements are easily thrown to the 
bottom when the bleeding bottle is spun in a cup centrifuge. The 
supeniatanl fluid is clear, amber colored, and is called tlie plasma. The 
separated red cells occupy somcihing less than half the total volume; the 
plasma, the body fluid in which they arc suspended in nature, some- 
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thing more than half the Tolutne. Tho proportion of the blo«^ oc¬ 
cupied by the red cells varies somewhat from iudividual to individual. 
If the red cells are too few in number^ the condition of anemia obtaiuaj 
if diey are too ajiicentrated, the viscosity of the blood is increased, and 
an eatru burden is imposed on Uie heart in forcing the blood tlirough 
the circuiatoiy systein- 

Shuck as obser^'cd iu military medicine geuerally results from a 
rapid decreoBc in tlia volume of circulating blood dua to the loss of 
blood and plasma proteius e.vternally and into damaged tissues. It 
is most frequenUy treated, or prevented, by injection of plasma protoin. 
The injected pmteins, insofar as they cannot readily pass through the 
kidney, increase tlie body’s reservoir of plasma proteins and, intiofar an 
they do not readily tranaverso the capillary walls, increase tlie plasma 
volume by drawing water from the tissues into the blood stream, and 
by bolding it there. 

The maintemmee of tho fluid balance between tJio blood and the 
tissues is one of the fimctiona of the plasnia proteins. While they are 
like hemoglobin in their general organic structure, tJicir special proper¬ 
ties and their functions dilfer widely from hemoglobin or giobin. 
Moreover, there are many different kinds of plesma proteins, each sorv- 
ing a different function. The function of controlling tlie equilibrium 
between the water and the eIectrol3'tcs in the blood and in the tissues is 
largely performed by the smaller protoiiia of the blood stream, known 
as tho albumins, although ail dissolved colloids will, of course, estMt 
some osmotic effect. 

Osmotic pressure la the force eiertcd by the dissolved molecules so 
large that they cannot pass through the pores of the membrumifi tiiat 
coJitain thom. The walls of the blood vessels are the retaining walla for 
the pliisma protcina. Oiygcn, water, electrolytes, sugars, arid other 
small molecules readily pass these walls. But nomuilly the plasma 
proteins do not, nor do they pu^ the kidney and appear in the urine. 
A variety of conditions Liifluenee tlte permeability of nrcmbrajies to 
dissolved molecules. Sesides the siae and shape of the molooules, these 
include the charged state of the membranes as wcU as of the molecules 
and the nature of tiieir surface groups. The limiting condition for 
passage through a membrane is, however, tlie size of the pores and the 
size of tho dissolved uiolccuio. 

Tho plasma proteins vary in mass and in length. All tiuit have been 
adequately studied, however, have closely the sanie diameter, ranging 
from 33 to 3S angstrom units (on angstrom unit being 10** cm.). The 
albumin molecules are the m(Bt Hiinmetricnl of the plasma protoins, 
being approxlmatoly four times as iong ns their diameters. (See 
table 1.) 


4lg AXNTTAL EEPORT SMITHSOKIAN INSTlTDf JON| 


L—0/ NACt^ jiiAeoia, Aumo^Jp&i^, arui 

tAi fforiotri p^ojirra protcint 



Aopraxbnilt iltii»lu£diii 




(liiannmfl 




Lm fill of 

EquiUWlM 

dlAOMC^af 

VtMxnltr 

UAlKnlv 


SUlpSold 

cJJJpwJlJ 


w«l|bt 

Sodium fan 

l.t 

L 0 

p 

23 

Chloride loo 

ad 

a & 

+ 1 

35. 5 

Glucose 

0.5 

a 5 

4 

130 

flemoglobin 

llS 

155 

2 $ 

32 

i'l 

39,0€0 

03^000 

Bed blood «Us 

24,000 

sepOoo 

4 

ri -k 

Scrum albumin _ 

150 

aa 

5. 3 

EO.QOO 

Serum 'j-globuLiii 

a20 

aa 

8L5 

I5G>000 

FLbrinoBcn 

doo 

33 

ro 

SOO, 000 


Among plasma proteins certain of the globuliiis are twice as long 
aa the albumiiiSt anil the protein that forms the matris of tho blood 
clot, fibrinogen, is a rod-shaped iDole<!ule 6 times as long as alb\imun 
Fibrinogen is almost 30 tijness as long as its diameter. Its Eolntions 
are therefore eirtremely vificons, viscosity being a function not of the 
abe of molecules hut rather of their asynmictry. Fibrinogen ia present 
in the pbamaj however, to only 0.24 to 0^ perociitj represeuting 4 to 5 
percent of tl^e plasma proteins. By contrast, the albumins represent 
55 to 60 percent of the plasma proteins, are by far the most soluble, 
and tiieir solutions are the least viscous. 

Elementary considerations Indicate di^orent ways in which the sise 
and shape of tbe plasma proteins influence the blood. The osmotic 
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pr^iire is, OS u first approximation, A function of the number of dis- 
^Ived molecules to which the luembrnne is impermeable. Sinca the 
blood Teasels are impermeable to the uoniml plasma proteina tJiey exert 
sustained pressure. Since proteins cannot tiirough 

the membranefl their presence in the blood stream holds water in it in 
an amount roughly proportional to their concentration^ more exactly 
to their effects on the osmotic pressure. 

Should an increase in permeabihty of the blood vessels occur which 
ia sufBdeniJy gt'cai to allow plasma proteins to escape into the tissue 
spaces^ fluid will also pass into the tissue spaces. Commonly such a 
dmnge in permeahilitj occurs where there has been a severe burn or 
injury and usually is not sufficiently great to permit many red cells to 
leave the blood strenm^ As a result^ there is an increase in red cell 
concent lotion (often measured in terms of a hematocrit reading), an 
increase in viscosity^ and a deci'ease in the volume of circulating plasma. 
This diminution of blood volume ultimately results in poor peripheral 
circulation and henoc inadequate oxygen transpnort, while the in- 
creased viscosity makes it more difficult for the heart to move the re¬ 
maining blood through the blood vessels. This condition may be over¬ 
come by injecting into the blood stream molecules which will not 
readily leave it and which, by exerting osmotic pressure, will pull 
water back into the blood stream, d^rense viscosity, and permit a 
return to normal circulation of the blood with the transport of oxygen 
to the tissues and the fulfillment of the other physiological functions 
of tile blood. 

The diameters of all tiie plaama proteins are m nearly the same that 
a change in permeability that will permit one type of protein to pass a 
membitine will generally permit all to pass. The amounts of each 
protein type that will pass will, however, now depend upon other 
factors controlling permeability- Thus the longer molecules will on 
the average leave the blood stream less readily than the more sym¬ 
metrical albumins. The eleclrically charged conditions of the mole¬ 
cule will also play a role. Tlie albumins bear the largest negative 
charges, and a species of globulins^ known as the y-globuline, precisely 
because of their low negative electrical charge in neutral solutions, 
the lowest. 

The plasma proteins that leave the blood stream and appear in the 
urine or in the tissue spaces, under a variety of conditions, might be 
expected to reflect all these influences. It has been repeatedly noted 
by various investigators under various conditions that tiie distribution 
of proteins lost from the blood is far more nearly constant than the 
composition of the plasma under pathological conditions. It is more 
nearly dmracteriatic of normal than of pathological plasma. Oen- 
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crally it is Ibe albumins und th«i y-globulins that appear to b<5 lo^ 
moru readily thtiii eklier other gLobuUus of bugger oet ebarge or 
fibrinogen. The significance of this obserration is twofold. On the 
one handj it reflects the conditions that obtain when proteins leave 
the blood stream^ on the other the replacements that must, be made if 
normal composition of the blood is to be restored by therapy. 

Altliough the smallest phisma proteins of largest net charge, the 
albumins^ and the largest globulins of smallest net charge^ the 
7 -globulinSi leave the blood stream most readily, it is the albumins 
which have tiie largest effect in controlling the equilibrium in water 
and electrolytes between blood and the tissue;^ The y-globulina rep¬ 
resent but 11 percent of the plasma proteins, the albumins five or more 
times tliflt much. The molecular weight of the y-glohiilins is two or 
more limes that of the albumins. On the basis of mass alone, there¬ 
fore, the y-globulins—which as we shall $ee are tlie bearers of the 
immune properties of the blood—contribute le^ tlian onc^tenth as 
much as the albumins to maintaining the volume of the blood. This 
calculation neglects the greater contribution of the albumins which 
depends upon their greater net charge* Indeed, album ins are respon¬ 
sible for nearly 80 percent of the osmiOtic actmty of the blood. 
Accordingly it is tlio albumins in plasma which are in large part 
responsible for the therapeutic value of plasma in the treatment of 
shock. 

The fact that fibrinogen leaves the blood more slowly than albumin 
may be associated with its greater length. On tlie whole, molecules 
of the same diameter should pass an inert membrane inversely as their 
length. Tlic presence of fibrinogen in the bloofl in small amount 
must be nJ^socialed with its si>ECial functions, which we shall examine 
later in connectioix with the dotting of the blood. Its osmotic con¬ 
tribution is negiigihle but its contribution to viscosity is enormous and 
this effect might be ddeteriou-'f were fibrinogen pi^esent in large amount. 
Under these circumatances, it brings about dumping of the red ccUe 
as do many other highly Bsymmdrk inolecules- 

If substnnets other tlian the plasma proteins are injected into the 
blootl, tlj eir fa te a Iso a ppea rs to depend u pon tbei r di mensions. Sali ne, 
glucose, and most substances til at liave thus far l)een suggested as 
blood substitutes bave diameters less than 20 angstrom units and, 
unless tlicy are vei^ asymmetiical, leave the blood stream rapidly. 
They thua exert temporary, but do not have sustained, infiiience in 
maintaining blood volume* 

Asymmetric molecules appenr to leave tlie blood stream more slowly 
and may even aocnmuhitc in the blood stream as evidenced by their 
influpucc on the clumping and sedimenting of red cells. Such mole- 
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cules mcrease iLe viscosity of elutions and may bring ahont 
abnormal distribution of plai^ma proteins* It is by no tneciiis certain, 
therefore^ ttat the retention of foreign substances of ibis kind in the 
blood stream is be neficiaL 

From a physicochemical point of view^ it is possible to iinderstaiid, 
at least iia a first approximation, certain of iho plienomeiia of plasma 
toss* Since all the plasma proteins hove about the same equatorial 
diameter, any change in the permeability of a membrtine whidi would 
permit one plasma protein to diffuse through it should permit any 
of them to do so. Under these circumstances^ the amoDiil of plasma 
protein of each type to diffuse shoold be an inverse function of tlieir 
ienglb. Consequently for a given dmnge in permeability thero will 
be a greater loss—and therefore a greater need for replacement—of 
albumin than of the globulins or fibrinogen. 

Clearly iheM is a principle guiding the amount of any pUsma com¬ 
ponent that may wisely be used in replacement tliernpy, namdy, the 
amount that wiD tend to reestablish rather than to derange the normal 
concentrations of tlie various physiologically significant plasma com- 
ponents^ 

CHEMICAL FRACTIONATION OF THE COMPONENTS OF FLA3MA 

The highly specialized structure of the plasma proteins indicates 
tliat each has a special function and that their colloidal properties, 
which alone have thus fur been considered, are but superficial manifes¬ 
tations of their intrinsic nature* 

The proteins, os tlieir ticime implies, are “^of the first imxwrtauee,” 
and tins importance extends equally to the structure of cells and to 
the processes of life* The role of tlicse nitrogen-rich substances in 
the nutritional cycle of plants and animals has long been appreciated* 
Indeed, the elementary composition of *^blood albumin’^ and *"bIood 
fibrin” were being studied by the group of chemists that collected 
around Liebig just over u century iigo, and in 1S41 Denis, a French 
scientist, communicated to Liebig the separation of blood proteins into 
albumins and globulins. 

Though less labile than cells, proteins also are labile. The molecules 
that occur in nature were until recently not readily separated, purified, 
coticentmted, or dried, witJiout change of structure or loss of function, 
by the conventional methods of chemistry* 


Tahls 2.— 
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Tlie methods of the nineteenth century have been largely supplanted 
by recent doToiopments is the prepamlive chemistry of the proteins 
and apon tvro of these are based the preservation and accumulation as 
against mllitaiy needs in distant theaters of operation of the plasma 
proteins separated from the blood collected by the American Red Cross. 

The first of these methodical deifelopinents is the drying of proteins 
from thefrozenstnto. Proteins coagulate at elevated temperatures and 
in the presence of the organic solvents generally used in drying ordi¬ 
nary cliemicals. Likewise, denaturing changes often take place when 
proteins are dried at ordinary temperatures. A body of investigation 
has demonstrated, however, that such changes are minimized when 
pToteln systems are first reduced to the frozen state and water then 
removed under reduced pressure by sublimation. The dried plasma 
which has so successfully been used by our Armed Forces in every 
theater of operation is rendered stable by this technique. The plasma 
is reconstituted just before use by addition to the dried powder in one 
bottle of the diluent transported in another bottle In the same package;. 
All but the most labile components of plasma may be preserved by 
this proces, whereas all but its colloidal attHbutes arc lost if liquid 
plasma is preserved for long periods of time even at low temperatures. 
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The second development ImE made possible the quantitatively repro¬ 
ducible fractionation of by new chemical metbods which on the 

one himd are susceptible to the large industrial scale that has been 
nccessai^ to process the blood of over one and one-half million Red 
Cross donors, on the other to yield as final products plasma proteins of 
unimpaired function. 

The potential value of all the different proteins of human plasma 
demanded that this prooe^ be inclusive in the sense that all components 
be separated and concent ha tedn The present process separates the 
plasma into five fractions. {See fig* 3.) Fraction 1 h rkh in Bbrino- 
gen. Fraction FT consists of y-gjobulins. which are the chief bearers of 
immunity in the blood. (For convenience in manufacttire^ Fraction 
II -h III, which contains essentia I ly all the y^globuli ns, is first sepn- 
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rated as one and thea subjected to subfactionations.) Fraction lU-l 
contains those cuglobultu components of plasma, the Isoagglutinins, 
which interact with the ted csells according to their specific blood 
groups and which, therefore, can bo used in the typing ot blood. 
Fraction III-l is also rich in certain lipo-protcins containing all the 
carotenoids and a large part of the cholesterol. Fraction 111-2 Is 
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lai^ly jff-globulin and contams coitiponent^ important in blood co¬ 
agulation, among them thrombin^ prothrombin, and a fibrinolytic en- 
Practioa IV contains the remnitiing ^-globulins and roost of 
the ft-globuliiis, 01 these a-l is further separated into Fraction lV-1. 
FractiQti V contains between 85 and 00 percent of the nlbiuuin. The 
mother liquors in Fraction VI contain about 1 percent of the total 
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proteiiis* Tbfi yields of the proteiins in tha viirious fractions are gi von 
in table S. 

Tho fractionation of plasma into its copipouent parts according to 
this process developed in tbe Department of Pliysical Chemistiy of 
the Harvard Medical School has been earned on in commercial 
laboratories under contract with the United States Navy. The albumin 
of plasma represents by far ius largest component and is concentrated 
therefore in its largest Iractioni Whereas there is evidence of the 
existence of more than one albumin^ this fraction appears honiogeneous 
in the ultmcentrifuge and in the electrophoretic apparatus at neutral 
or slightly alkalLiie reuctiem. The standard of purity epeciiied m the 
Navy contracts for the production, of this blood derivative permits 2 
percent of globulin. Electrophoretic analyses reveal the constancy of 
the product under the conditions of industrial production. 

Human serum albutiiin has been still further purilied by crystalUsni' 
tion^ aiid study of the crystal li^d albumin that we have prepared has 
demonstrated that the very high thermal stability and low yiscosity 
of our standard preparations are indeed ascribuble to the albumin^ 
instability largely to globulin and lipid impurities, 

Normal human serum albuuun can be prepared in far larger amounts 
and with higher yields 11 further puridcation by crystallisation is 
not superimposed upon the process. The standards of purity deter- 
mined upon for the albumin now being delivered to the Navy in Jaige 
amounts were clioscu so us to assure freedom from untoward reactions 
with luasimmu efiicieiicy in large-scale production, 

Heitim albumin was developed in order to attain a blood derivative 
which could be distributed in solution ready for iuimediato emergency 
use. It bus been made availabk as a ii&-percent soluLlon to render the 
package as compact as posiiible for transport* O^otically more than 
four times as concentrated as plasma^ 2&-pcrcent albumin is no more 
viscous than whole blood. The package developed by tho Armed 
Forces for the standard 2o-perceut albumin solution occupies oiie-sixth 
the space of the <^ujotirally equivalerit plasma package, 

AiaUMlN AND TIIE CONmoL OF THfi BLOOD VOLUME 

That tlie vulue of plasma in controlling the volume of the blood 
depends upon its osmotic activity is lieautifully demonstrated by the 
studies that have been carried out on the osmotic pre^ure of plaama 
and of albumin solutions. These measurements yield a molecular 
weight of GQjOOO for albumin and an average weight of about 170,000 
for tl^e 40 percsent of the protein which is not albumin. Eacli gratn 
of Elbumin is equivalent Co 1,2 grfims of plasma protein or to 20 cubic 
centimeters of the current lied Crim citrated pooled pla^^ma. The 
volume of fluid held in the blood stream by eacli gram of albumin should 
bo about IS cubic centimeters {table 4)* 
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The results of these osmotic-pressure meiisurements nuty be com- 
pai-ed with the clinical findings of three groups that have made inde¬ 
pendent studies on the value of albumin for transfusions, especially in 
shock. All have determined the water drawn into the blood stream 
following injection of albnmin in man. One group reported that ‘^he 
average increase” in blood volume (1 hour after injection) “was 17-4 
cubic centimeters per gmm although there was considerable variation 
between individual esperiments-’* Another reported that **the albumin 
injected into the circulation is largely retained, providing no further 
bleeding or exudation of plasma occurs. It is still remaining in the 
circulation at the end of 6 hours. The albumin retained holds in the 
blood stream amounts of fluid approximately comparable to its osmotic 
activity. Thus, in our series, 1 gram of albumin retained resulted 
in an average increase of plasma volume of 23 cubic centimeters.” llie 
third group concluded that 'Hho plasma volume increased 600,800, and 
000 cubic centimeters in the patients receiving 50 grams of albumin. 
The average increase in volume was 15 cubic centimeters for each 
gram of albumin.” These three carefully controlled clinical investiga¬ 
tions yielding respectively 1T.4, 23, and 16 cubic centimeters drawn 
into the blood stream of patients per gram of albumin injected must 
be considered in excellent agreement witli the expectation from the 
osmotic-pressure measurements of IB cubic centimeters per gram of 
albumin which forms the basis for the osmotic equivalence of the two 
blood derivotives, plasma and albumin, being dispensed to the Armed 
Forces. i 

«- AND p^JLOftULlNS AND THE HORMONES, ENKXUES. AND 
LIFO-PROTEINS OF THE BLOOD 

Although the albumins of plasma play far more important roles 
than the globulins in the control of blood volume, the diverse globulins 
also perform functions for which they appear to be uniquely designed. 
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The number of sueh globulin^ is far larger than our present physico- 
chemical criteria for their diaracteri^fition. Moreover, certain o f them 
appear to he present in very small amounts—amounts, however, ade¬ 
quate to perform their natural functions- In diseases in which there 
is a deficiency of any of these proteins, however, it would appear to 
be of the utmost value to have them available, separated from the 
pJii^a and concentrated es specific therapeutic agents. 

The blood of snati is rich in lipid as well as in protein material Only 
a small amount of this Hpid is present in an emulsified state; most of 
it is held in solution in more or less labile combinaiion with the 
various plasma proteme- Among the lipids that are readily dis¬ 
tinguished are cholesterol, carotenoids, phosphatidics, and oerebrosidesp 
Of these the carotenoids are found eoncentreted with certain ^-glob- 
ulitis in Fraction III (see table S) which is also rich in cholesteroL 
Cliolesterol, phosphatides, and cerebrooides have also been found con¬ 
centrated with a-globulins in Fraction IV* Hera our study of plasma 
proteins is leading iis to a study of the plasma lipids, not as orgaoic 
chemirills separated from blood by methods which destroy the structure 
of the lipo-proteins but in tbe state in which they exist in nature. 
Tlieir separation and purification as protein complexes should make 
possible investigation of their fiuiction and an increasing understand¬ 
ing of their rate m the economy of the body. 

The economy of the body is control led by a group of messengers, 
hormones, secreted and liberated by various glandi^. These hormones 
also find their way into the blood stroani and some of them have bean 
identified, although they are present in but very small amount. Among 
them is the thyrotropic hormone which appars to be closely related to 
that soereted by the anterior pltuitaiy gland. The gonadotropic hor¬ 
mones ^reted by this gland have also been identified in one or another 
plaama fraction. Aa our survey of the hormones in the blood expands 
it should be possible not only to concentrate and recogttizo more of 
them but also to make them Available as concentrates should they prove 
to have any value in therapy. Their human origin should make it pos¬ 
sible to use hormones derived from man when those derived from 
animals lead to sensitization following rapeated injection. 

The economy of the body is aided also by a series of enzymes whose 
specific function it la to accelerate diemical reactinna. Tlie blood 
61 ream coutaioe many such enzymes, A cholinesterase and phos¬ 
phatase dearly have functions related to the cerebrosides and phi^ 
pliatides of the blood stream. Pliosphatides of more than one kind 
have been recognized both within and without the red cell. There are 
lipases and proteolytic enzymes and the number of these is not yet 
clearly defined* One, the fibrinolytic enzyme, will serve to illustrate 
a principle that applies to others. The blood stream carrier not only 
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components necessary to form n clot instnntly at n bleeding surface} 
but also this enzyme capable of diesolviiig the cloL 

KlUaiXOaNN, THROBIBIN, AM) THE CLOTTING OF THE BLOOD 

llie clotting mechanism of the body is indeed complex. The atruc' 
ttiml element of the clot is the long rod^siiaped fibrinogen molecule 
which is dissolved in the plasma. Its aggregation and separation as 
the fibrin clot are carried out by the globulin} thrombin. Wlieti throm¬ 
bin and fibrinogen are mixed in vitro, n clot immediately occurs. 
Thrombin, however, does not exist free in the blood stivam hut os 
a precursor substance, prothrombin, readily transformed into throm¬ 
bin in the presence of cakiuin by tissue extracts known as thrombo¬ 
plastins. 

Tlie various parts of this complex mechanism may be separated and 
concent rated nndmndeavailablein vari ous forms. By control! ing t he 
conditions of the reaction between fibrinogen and thrombin, structures 
of a wide variety of properties can be obtained. Clots of one type are 
clear, gelatinUbe, elastic, and friable, do not readily syneri^e with 
loss of fluid, and adhere to surfaces on which they are formed. 
ClfJts of another type are opaque, doughy, and 6cijfi're.^stant, syner- 
ize readily, become dense with loss of fluid, and do not adhere to under¬ 
lying surfaces. Clots of intermediate properties can also made. 

For surgical use in human patients, clots may be picparcd from 
fibi'tnogen and thrombin to meet the particular specifications chosen 
for each type of application, and may be formed in situ in or over 
wounds. Clots whose properties have been controlled in this way 
have been used in pyelolithotqmy and in a technique for skin grafting. 

Just as the asymmetiy of certain ^thetic polymers is responsible 
for the remarkable mechanical properties of industrial plastics, the 
fibrinogen molecule endows products of this human protein with re¬ 
markable mechanical properties. Among these products is fibrin film, 
Fibrin film may be prepared from fibrinogen and thrombin as a 
strong, nibbery sheet which can be stretched reversibly from two to 
three times its original length. This material can be made in various 
shapes and thicknesses, and in the form of seamless tubing. Its 
mechanical properties can also be v'aried from a soft, rubberlike elas¬ 
ticity to a parchmentlike consistency. 

Tlie mechanical properties of the soft, ruhlwry films (as shown by 
their strww-strain nirves) bear a marked similarity to those of the 
elastic ligament of the neck, the ligamentum nuchae. The tough films 
with delayed elasticity resemble mtber wool or hair in their mechanical 
properties. ft may be posstible to imitate, with different types of fibrin 
products, still other natural structures of the body. 
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Tho fine structure of fibrin film has been shown to invoWe pores 
which in one type ate of the order of GO angstrom units in diemeter. 
Hetnoglobin moieoiiles in solution pass through these pores readily, 
but plasma globulins are partially and fibrinogen molecules completely 
retained. 

The mechanical properties of certain types of fibrin films mnlie them 
suited for uso as dural substitutes and in the prevention of meiiiugo- 
cerehral adhesions. The duration of their persislenco in the body can 
bo adjusted by suitable treatmejits. They have lioen used in neuro¬ 
surgical operations and appear to be on escollont material for these 
piir|joaes, patients liaving been followed for as long as 15 monlhs with¬ 
out the appearance of unfavorable sequelae. Other types of fibrin 
film and of fibrinogen plastics are being tested for other surgical 
applications. 

For stopping the Aow of blood, in surgical procedures, thrombin is 
the only component of the clotting mechanism which must be supplied. 
For the most ellective use of thrombin in hemostasis, however, it 
must be applied with a ntatria, which can hold the thrombin in the 
bleeding area until clotting is completed. A. porous matris soaked 
in thrombin solution can accomplish this mechanical result. Fibrin 
foam is such a matri.v formed from human fibrinogen and thrombin. 
It effect)roly controls bleeding from ocwitig surfaces and from veins, 
even very large ones. Though not rcconiiiiended for brisk arterial 
hemorrhage, it has proved very effective in neurosurgci 7 in controlling 
hentorrhsge from tlie dura, from tumor beds, from dural sinuses, and 
from largo cerebral veins. In general svirgcry it has betai reported 
effective, in a small number of patients, in controlling hemorrhage 
from the cut surface of the liver and kidney, in jaundiced patients, 
in thoracic oiievadons, and in stopping bleeding in hemophilia. 

In the dry state fibrin foam is a porous material composed of strands 
of fibers separated by air spaces of macrosco[jic siife. It readily ab¬ 
sorbs water, saline, or thrombin solution, and cau 1« used in conjunc¬ 
tion with a sulfa drug or with penicillin, Tlie physical properties 
of the foam, ns of the film, can be varied by controlling tlie conditions 
of mndufaclure. Since fibrin foam is preparal completely from 
human proteins and is rapidly absorbed witli minitnal tissue reaction, 
it is left in place, thus preventing reewrranee of bleeding, It is easily 
handled in the operating room, and, like serum albumin, is immediately 
available for use in cniergcncies. 

Tlie fractionation of plasma, having made n vail able fibrinogw), 
thrombin, and the fibrinolytic onstyme in physical states such that they 
can be employed in a w'ide variety of products, opens a new chapter, 
not only in the large number of surgical uses which are emerging but 
also in our fundamenUl understanding of the relation between Ilia 
STS! I £—40 — 29 
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properties of the protem molecules nT^d of the structures that caa be 
prepared from them under control Jed conditions. 

In 1S09 the late Sir W^iJUam Hardy left the field of Jiistology and 
developed colloid chemistry in the belief that fundamentn! ndvauecs 
in our knowledge of the structure of living tissue would have to await 
advances of our knowledge of the molecules of which it is composed. 
The time would appear to be at hand when the knowledge of the pro¬ 
teins which Hardy next studied had reached a point where llieir study 
in the solid «tate could form the basis of a new chemical morphology. 

the: BLOOD-GROOFING QLOBULINS (ISOAGGLUTIXIN3) OF HUMAN 

PLASMA 

The dangers of trnnsfiision with human blood have largely been 
eliminated by our increasing knowledge of specific dtflFerenccg in the 
red blood cells of different individuals. Landsfeiner reported in HK>0 
the presence of agglutinogena in red cells and the corresponding 
isongglutinlns in human sera. Our present class!Bent ion of blood 
types and of red cells distinguisheg groups O, A, B, and AB, Other 
studies Ivftve i^vealed in addition subgroups of type A and AB cellSj 
among them Aj cells aind A^B cellSn The proportion of the individuals 
in a population belonging to each blood group is approximately as 
shown in table 5. 

The cells of group O blood are not agglutinated by either anti-A or 
anf i-B scrum^ The blood of such donors is therefore recommended for 
whole-blood transfusion in militaiy medicine, since no reaction 
normally occurs regardless of the type of the recipient. 

The ECra of 0 type blood as well as of A and B type blood contain 
isoagglutinms^ however^ If the plasma of O blood is mixed with the 
proper proportion of B cells, the ant i-B isoagglutinins are removeds 
leaAdng the plasma rich in anti-A fsoagglutinins. The plasma, or 
serum, of group B blocds is of cour^ also rich in anti-A iaoagglutinins, 
the plasma or serum of type A blood in nnti-B i^oogglutmins. 


5.—P rfA II ffoti 0/ p<i>j>u/afiQ9v iimonfi bCood 

f0iKfnEHl£«d Ovifi Tvrloai hcltwi fortbe popolithin of Etw Unltfrd BEbIhI 


OroQp 

«Ui 

A lauite n«- 

lailfincf JKTWlX 

abD<t«0QflldC nmwl ID lilumA a 

0 

4^ 

Anti-A, Aatl-Ai,^ AutLB. 

B 

10 

Afifl-A, AntJ-Ai, 

Ai 

Zl 

AtiU-B. 

Ai 

10 

Aad-B. 

AiB 


Nona 

A|b 

LO 

Nona 
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Despite the presence of tlxese isoagglntinins in serum or plasma 
individuals of all blood groups may be tratisfused with n jMoled serum 
or plasma. The plasma is rendered safe partly by neutralization 
within the pool, The specific A and B substances have rewntly been 
injected in more or less pure state and slmwn to increase tiie titer ot 

the recipient’s plasma isc^gglutinins. 

The isoagglutinina of the plasma are. euglohuUns ^luch cst- 
tremely insoluble in the absence of salt nwr their isoelectric points, 
Readily separated and concentrated over thirty fold witlx respect to the 
croup-specific serum or plasm* from which they are derived, they can 
be used in the typing of whole blood. Indeed they may be prepa™ 
with such high titers and avidity for red cells of the opposite typo that 
gr(Bs clumping observable to the naked eye is brought about in a matter 
of seconds. The blood-grouping globvilim are also being prepared 
from Fraction U + Ill of group-specific plasma derived from ibe 
blood of Red Cross donors and are beginning to be used by tlie Navy 
for typing when wbole-blood transfusion is indicated. 

tee laialUS'E PHOPEHTIES of the y-tJIvOnULlK antibodies op 
NOHMAL AND CON't'Ai.ESCEXT PLAEJtA 

Many of tlie antibodies to the variety of infectious diseases to which 
man has been exposed are y-globulins, Tliese substances have in the 
last few years been concentrated and eiteiisively studied not only chem¬ 
ically but also inununologically. The antibodies to many of the 
cominon infectious agents to which the population contributing the 
blood had been exposed have been found. Indeed the large numlKr 
of blood donors in the Red Cross blood-donor program has made slatis- 
tical deduction valid and demonstrated tliat a population shows 
heightened immunity following an epidemic of a special disease, such 
as the recent influenza epidemic. 

The possibility of utilizing the y-globulln antibodies derived from 
pooled normal plasma in tlie prophylaxis and therapy of any infectious 
disease depends upon two factors: first, the concentration of specific 
antibody in the blood of the adult population, which in turn is depend¬ 
ent on previous eiposures and on the persistence of thesjo bearers of 
immunity in the botlj' and their distribution between blood ond ti^ues; 
and second, the amount of antibody necessary to protect an individual 
against the infection by passive immuniration. 

The concentration over the x^leii plasma thus far achieved by our 
fraetjeraation process is approximately twenty-five-fold if we compare 
plasma with the concentre ted solution of immune globulins lieing made 
available to the Armed Forces, and through the Red Cross, to public 
health agencies. As a result tjtets of certain antibodies, though not 
necessarily of all, are comparable to those of the corresponding con- 
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valescciit sera. Tlierefore, iu iho preFcntion or treatmeat of any die- 
ease whar« tJic value of coiivulcscent serum has been demonstrated, the 
effect iTeiiees of a concentrate from pooled normal plasma should be 
investigated. If convalescent senim, or hyperinunune seimm is frac¬ 
tionated, still higher antibody titers may be obtained in the concen¬ 
trated y-globullns, and their possible value in special cases must also 
be considered. 

The concentrated antibodies, separated from the pooled plasma of 
n population, offer a means of characterising tlie state of immunity of 
that population as a iiermauent public health record. Were such rec¬ 
ords systematically collected and available, it might prove possible to 
follow the course of epidemics much as the course of a comet may bo 
followed by the photographic rocords of tho skies recorded by modem 
observatories, Not infrequently the first faint trail of a comet has 
escaped detection and the origin imd course have been understood only 
because astronomers now map all of the heavens systematically at all 
limes. The systematic collection and presenation ns dry white 
powders of the concentted antibodies of diverse populations might 
comparably simplify the amal3'si5 of the course of certain epidemics. 

Tablr a.— tonunltali^ ©/ ciqrtput m tcivtumt of ttcDviitj 

Atiman terum y^plabu/iiit {fraeiion it) 


AJillboilpi 


Oceommiaii 
ittemd lo 

p lmJnm 


Tjphold agglutlQiu, IJ J19 

Nlumpis, camplemciit llsallou 20 

ItiQueiiza A, oomplEmotit fi:tatioa ig 

Iol!uoits& A, Hirst teet 10 

Influenza iiKiiisf? protection 23 

BipUtheziA antitoxin 25 

Streptococcus Antitoxin 22 

T'Clobutin by clf^atrgphorc±«l« 25 


I Titf ikt Endin, 

l^ot aU of the Antibodies concentrated from biiniaD plusma will be 
of value in the control of disease. However, in the case of measles^ 
where most ausceptiblcs that are exposed are lilmly to contract the 
disease, the conceiUrated antibodies have been entployed with great 
success, either to assure complete protection or by the use of a smaller 
dose to modify the severity of the disease thus providing a lastiiig im- 
mujtity with slight risk of those complications which make measles a 
serious illness. 1 lie record of the use of tlie y-globulin antibodies in the 
prophylaxis of measles is given in table T. 

In the case of many diseases those bearers of immunity which are the 
antibodies of the blood stream cannot be made available in amounts 
large enough, or injected soon enough to prevent the onset of the disr* 
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cAse. In othei's the incidence of the disease in snscepttbles is 60 small 
that it Tcoiild be necessary to immunise passively an entire pnpaintion 
in order to oiler protection to the one in a thoustind who might coD' 
tract the disease. The blood donors for sucli an undertaking might 
not always he availablOt whereas blood donors conscious of the con¬ 
tribution that they were making to the control of otlier diseases could 
dearly always be counted on in a society that has contrihuted as has 
ours to the blood donor program. 


Tablk 7 +—BffM of tmjifi t-glicK&uItn antibodifi in 




Kurnev or 
cans 

NomiHllH 

MEM 

mfiailH 

Am«K* 

inttU«4 




JPbtfflf 


ftnei'nl 

m2 

PhSlAdclphlA 1 






aad BaLUmnre 

mi 

m 

23 

3 

1042-43 

Boston ■ 


59 

37 

4 

1043r-14 

Scattered ■ 

ni 

41 

5[ 

3 

1943-44 

New Yotlt • 


7S 

20 

2 


TdEaI 

^,007 

70 

27 

3 


E Rtokcii Marbi imd imil {rthor. 

■ ud ^ ItatHlihliip Qmaba^ aikl Frutt. 


The jtatural fur^ctions and therapentic of hlaod. —Blood is a 
complex tt&35Ue consisting of a Quid partj tlie plosuin, in wMch cells of 
various kinds nre saispended. Most impoi-taDt among tliesc are tlie 
leukocytes or white cells, and the eiythrocytes or red cells. 

The plasm a also is com plex. I t is an aqueous Bolution of $n1 iSy carbo- 
hydmles* and lipids^ the latter, for the mo^ part, present in combina¬ 
tion with certain of the diverse protein molecules which are Hie chief 
plamtia constituents;. 

The varioas components of the blood stream have such complex 
interrelations, oti the one hand with the tissues^ on the other with the 
external environment, that we may well stress the few systems where 
an understanding of the mechanism is emerging. 

Transport of o^gen th^ hemoglobin oonoentrated in the rtd 
blood celle, —The ml blood cells have as their prime function the 
transport to the tissues of oxygen and the removal from the tissues of 
cnrlxjn dioxide and other waste products. The oxygen is transported 
in combination with the hemoglobin concentrated within the red cell. 
Other proteins, notably carbonic aiihydrasc and a complex onxyme 
system, represent its le^ copious protein components. 

When there is great blood loss from a wound, when a major opera¬ 
tion is to he performed, or when the anemia which frequently occurs 
in convalescence from wounds must be cornbatted^ red blood cells 
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should be supplied in amounts adequate to restore the osjgtn-oacrring 
capacity of the blood. 

MmntenaTice of blo&d voh(m^ by Ih^ prtyfeim <?/ fhe e^pe- 

Ci^Iy by the albumin. —Plftsma^ the fluid part of the blood, consists of 
over 00 percent Tvater and 7 percent protein* Of tlie proteins^ ap¬ 
proximately 53 percent is albumin, 14 percent «-globulinj IS percent 
^-globulin, 11 percent y-globnlin, and 4 percent fibrillogen. 

Plasma is us^ in military medicine m combatting shoek and in the 
treatment of burns. In burns there is often so large a loss from the 
body of the diverse components of the plasms that their replacement 
is necessary. In shock the function of the jilasma Is largely to r^orc 
or maintain the blood volume so that circulation may remain normal. 
The proteins dissolved in the plasma maintain the volume of the blood 
by virtue of the osmotic pressure exerted largely by the albumin. 

Albumin, the most copious of the plasma proteins, exerts tlie largest 
osmotic pressure and thus the largest effect in maintaining blood 
volume. Its solutions are also the least viscous and for this reason 
tlieir infection should impose the smallest burden on the heart. Al¬ 
though the smallest of the plasma prolainSj albumin does not traverse 
the blood-vessel ^-alls in appreciable amounts imder normal cojiditions. 

StoTuys a 7 id ^itilh^tion o/ tlie proteins of the plo^4i in e^UibHnm 
mth the tissues.—The mechanism of control of the blood volume in¬ 
volve the impermeability of the normal blood vessels to the plasma 
proteins. If plasma proteins are infected in a nonnal person in excess 
of need, certain of them leave the blood stream without appearing in 
the urine and are presumably utilized as a source of energy or new 
protein or are stored io the tissues. The infection of concentrated 
ecriim albumin into the blood stream of a nonnal man is followed 
by It rapid redistribution of protein between the blood stream and 
the tissues. Fuither iiivestigutions are necessary to determine 
whether this is regulated by colloid osmotic pressure, by subtle changest 
in the permeability of the blood vessels, or specifically for each species 
of plasma protein. Clearly there is interaction betiveen the various 
plasma proteinic in the blood and iho tissues in health and disease. 

Solufi4m and transp&rt of the lipids of the blood in more or lets 
iobile eombinathn icuVA a- md ff~globulms. —Lipids of diverse kinds 
are dissolved and transported in the blood, largely In combination, 
more or less labile, with proteinai Fibrinogen, y-gldjulin, thrombin, 
and albumin ixte pimr, bat and jff-globulin fractions are rich in lipid 
material. The separation and fiiFther purification of these fractions 
should incrcage our undersfaiiding of their clicmical nature, phys¬ 
iological ftinrtion, and uses in therapy. 

Jtegulation of bodily function by hormones and enzymes of the 
blood—The hemoglobin of the red cells, the alhtimins and lipo^ 
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proteins of thft plasma^ are present m large amounts. Tlie eii 2 ynieSj 
which regulate chemical reactions within the hlaod^ anti tlie hormoneSj 
Uisny of which have tlieir origin in the various glands of Uie body 
and vary in concentration from time to time, are present in but small 
amounh Tljeir regulatory functions generally involve otlier glands 
or tb$uea in die body ti^an diose in which they origiuute. The poten¬ 
tial value of e^ch in therapy is as a specific conceiiti^te. 

C<>affulatuyn 0 / tht by cm^ershn of prathrombin to thromhm 
and ^rin&gen to fibrin fibril ^ fibrin foams *—^The 

mechanism by which the loss of blood from a wound or cut surface 
is limited involves a series of proteins. Of these but two are essen¬ 
tial to form the blood clot; thrombin, present in the circulating blood 
as a precur^r prothromhinT fibrinogen^ the long asymmetric mole¬ 
cule which is the structural element of the dot. 

Fibrinogen and thrombin are both separated m large amounts as 
products of plasma fractionation. Fibrinogen can be prepared as a 
thermosetting plastic or combined with thrombin in the form of 
foams or films. 

Fibrin films resemble natural membranes in many respects and have 
been employed as a protective layer for tie central nervous system in 
the repair of dnral defects. 

Fibrin foam and thrombin has proven a valuable hemostatic agent 
in neurosurgery^ especially in the treatment of head injuries in this 
war. 

Grouping of blood by means of tJis isoaffghUini^^ sepccroted 
as euglobuliiiS.—The blood of a donor to be used in transfusion must 
not be agglutinated by, or causae agglutination of, the blood of the 
recipient. The plasma contains isoagglutinins, proteins, which when 
separated from type-specific blood have been concentrated over tJiirty- 
fold with respect to the plasma and utilized in the grouping of blood 
for transfusion. 

Immune properties of the blood concentralcd the y-glohuUns 
and made aeaiioble for prophyloxh or modifieation of measles .—^Tlie 
bearers of the itnmmie properties of tlie blood ans proteins^ for tlie 
most part y-globuUns. The plasma collected by the AVmcncan Bed 
Cross that has been fractionated yields atbumin, fibrinogen^ and 
thrombin, the blood-typing globulins and the y-globulins as protein 
concentrates, y^globutln, us distributed to the Armed Forces tiiid to 
public health agencies, through tlie American Red Cross, is concen¬ 
trated twenty-five-fold witli respect to plasma and has been found 
to contain a large variety of the antibodies to the diseases common 
to man. 

The Studies that have been completed thus far have demonstrated 
the value of this concentrate in the prophyla^tis or modification of 
measles. 


436 ANNUAL ItEPORT SMITHSONIAN INSTETUTION, 1945 


Presei/'vatien of the e^centfated antibody ylobuitfu of the blood 
as a yvblie health record of the cowrse of ^fidemica .—Altliough the 
concentrated unlihodicsscpaiiited fi’om the pooled pltismaof n popula¬ 
tion will not have value in the prophylastie or treatment oi tunny 
diseases, tliej chamcterize the state of immunity of that population os 
a permanent public health record. 

Tlie chemical, clinical, and immunologicttl investigations on blood 
and its derivatives winch have been carried forward during this war 
have resulted in contributions to clinical medicine and surgery, to im¬ 
munology and epidemiology, to protein chemistry, and to the methodics 
of the production and control of biological products. They ate open- 
ing new vistas in our utiderstnnding of natural products and natural 
systems, 
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Berlin, 1034; nnd more nMcutly In Ci>M SiM^log HnrLmr SympoBlum on qanntitatlve 
Bialuey. voh Bp 13401, ond In a rcrlcw by (Ann. Rev, PbyaJoLp yoL 3. 

It. 2S3, 1041), A gnjrtt deal <if new knowli^leo bJia been E^tlned la this war 
but has not yet b^fea made fiyaRuble. 
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”A plan coUectltiUp ErflUSptJi'tJitlon tkud aiimlQlHtratioti of whole blood and 
ot pl^aum Id IDeGowib imd HErdin, War Medicine, voL 1. p. JJSfl, ItHl) 

reviews the earlier eiperleBCf? oa btoud tranafuaJon. 

The tochnliioe of bkMul preservnUoo and of rotating blood banhe baa reoently 
been BummarlzeJ in a bulSetln prepare^t hj- the Modl-cal Division of the Ofllce 
of Oiviltan Defense (OCD FubL 22;^* March 1&H>. 

B. Drif PlO^ffia, 

D'Arseiivul and Bordaa (Coaipt, Rend. Seanoefl Acnd. Sd., vaL 14^. p= IOTjS, 
May 100d> introdaceil the use of low temperstare for cOhdeasatloo of water 
vapor with a high tacijuib for drying of eiisHy altenibie snbslanc® auch as 
Btarcbes and albuialrwld sdbstaocea. la 1034 EtsOf (0. S, Patent lOTOOSftr 
and In l£B5 ICttqjr, Tliomaa, and Steffea (^oum. ImajunoU voL 2S, p. 433, 1035} 
desorllKyd n pro«®?! and appamtas for desiccadng liquid and «^cnlsolid biological 
sitb&UittC^ bj meana of hseh-vacuiun low'tetnperntnre eoadensatlon,. 

Since 1^, Ftosdorf and Mudd (JoartL ImmanoU wL 23, p. 3fi0. 1035; vol. 34» 
p, 4®3, 133S1, and Flfflfldorf, Stokes, and Mndd (JotJrDr Anier_ Med. Asaoc.p toL 
115, p. lOObp 1040) have pubUshiMl a series of papers oa drying from the froxen 
Btate^ Important conttibatloita liave alaee been made by Greaves and Adair 
(Joaro. Hyg„ vob flS* p. 413, lOSDit HIJ1 and rfetfTer iAnn. latera. Med-. toI- 14, 
p. EOlp l&^OK StrojMla nnd McGtaw (JoariL Lnb, and Clin, Med, voL 2S, p, 
1140P 1043), and StnimJa, McGraw, And Relchel (Amer^ Joarn, C3la- Pathol.^ 
vob lip p. 4S0, 1041)+ The tiae of dry plais 3 pa had been eitarisively lavestlgated 
by Sttnniiap Wagner, and Monaghan (Antu Surg^ vnL 111, p. S£3r 1040; Journ, 
Amer- MtJd, Araoc., vob 114, p. 1^7, iSMOK StmialA and McGraw (Jcmrn, Amer^ 
Med. Assoc.* vol llfl^ p. 23IS, 1041J, aad oth™ before thla war. 

<7. TAe PftvJrf«rr PropcrflC* Of Ftotflio <7ojiipon<^f4. 

The TOolecalar weights nnd sbai>es of the plasma prateina are d^craKiied by 
Svoilhcrg and PeterBon {The aUraopntrlftige, Oacford Unlv. Press, Oarford, 1040), 
Oncley (-Tourn. Pliys, Clwm.. toU 44. pL 1103, 1940; Cbem. Hev., vob p. 433. 
1^), TJaollhB (BTochem, Joum., vol. 31, pp. B13,14dl. 1037; TmnA. Paraday Soc.p 
voL 33p p. G24,1337)^ Cohn (Cbem. Rct-, toL 28, p. 395,1041; Tratifl, and Rtud.+ 
CJolL PhysTclJina [Pblludelpblnlp scf. 4, rol. 10* p. 14». 1D42>, and most recently 
by Cohn, OncJcy, Strongp Hagbw^ and Armstrong (Jourp, din. Inv.^ vol. 23, 
p, 417, 1W4>. 

Electrophoretic analyses of the plasma proteins In heattb and dlBeoae are 
glvra by Tisollua (TrnnEt. Famday toI. 33. p, 524. 3fl3T; Bf«chcm+ Joiutl, 
voL 31, p. 1434, 1037) and Tiselitis nnd Kabat (Jonrs, Exp. Med.. toL m, pL lift. 
1033), SwissQB fKoltold-Keltsebr., toI. 3T, p- iSl* 3030). worth* SbedloTsky. 
and Macinnes (Joam. Elp. MetL, vol. 70. p, 300, 1930). Macinncs and Irfags- 
wortb f Science, voL 80, p+ 438, 1930), Longsworlb and MaclDncs (Chem. Kev.* 
foL 24. p. 271, 1030; JemnL Eip^ Med., vol. 71* p^ 77* IfNO), Ltielscber (Jeam. 
Amcr, Chem. Boc,* vot <51. p. 23Sfl, iOSO; Joura, Cllc. lav., voL 10, p- 313. 1040; 
voL 20. Pl 00. 3W1). 

D. The FrcciionntiQn of pr^wwo. 

Daring the last cenlury rhere have beea innumerable inveflilgotlonfl on the 
separation of one or another of ihc potoponenrs of pIjiridb. Two claaalcal papers, 
both of which appeared tn ISOS, arc by Hardy (Joum. PhyErtoL. vol 33, p, 201, 
1006) and Metlnnhy tJoarn. Physiol, toI. 33, p. 338, 1906). Then came Botne 
Important contrlbunons from Cblek and Martin (Joarn. FbysioL, toI. 40, p, 4IM, 
1010 : VO]. 43, PL 3,1011: vol. 40, pp. fll. 201,1SH2-13) . and from Sf^rensen (Prolclna, 
FlGlsi?hmniiii Laboratortes, Now York, Sinch of the earl!or Tlferatare on 

this etibject not speeiflcally n^erred to In this commnttlcattoa ts cnnaldcred by 
Oohn (PhyBlob Eev., voU 5* p. 340. lOflK ; Ann. Her, niochcm,, vot. 4, p. 03, 1035; 
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Hanry^ Lectora* No. 124,19fta-30), (Nova Actfl Sw, Scl Dpbb]^. toL 4, 

|i, Tp 1G3D) , S0T^ii9ea and Haugaard (Ckinipt Rend. Trai'. I^b. Carlsbei^ toL I9» 
No. !£. ll)@31p Bullf^r and Montgomerr (Joom. BloL ChcnL^ toL 90, 1T3, 1932), 

Batler. Blntt, acd Sotttbgate (Joani. BJol Chew-, toI i(% p, TKf, 18351, Kydd 
(Jonrn. BSoI. Chem., voL 19T* pt i4T, 11®4), Hewitt (Bipchenir Joarw, toI. 30^ 
p. 2229, imh SLeohagtat ^BEOchem. Jeum,, tdI. S2, p. 714, l93a>, FbUpot (Nature, 
vt>L 141, p, 2^t Green (Jnnni. Amct. Chcm. goe.^ roL ODi, p. 110§, 1938), 

Fahey wtid Breen (Journ, Araer. Cliem. Soc,, fol. 0«>, W3^y lOSSK Longsworth 
{Jouiu. Amer, ChecL Boc., tdL fil, p. 529, 1939), Kelcvilclf (BLochem^ JonriLp toI. 
33, p. 1122, I9S8), Bill (^Ltaclir, Gobl Hed., yoL 105, p. SOS, 19310. Svedbcrg 
and Ptdereen (The nUrpt^trlfn^ Oxford Uyiv, Pra®, London, IfriOJ. More 
recent references descrLbing Hie fractionation of pla^wm to yield Its dlTerse 
components ps produeta for clinical appraisal are Oohp, j&IcMeelcLn, Qacley, 
Newell, and Hgsfbea < Jonrn, Ametp Chejii. Soc-t toU <32, p. 3333, ISHOK M^ileekln 
(Jonru. Aroer. Ch™, floe., toL 32, p. 3393, 1940>, Cohn, Loctscher, Ondeyt Arm¬ 
strong, and Doris (Journ, Amcr. ChenL SoC,i toL 32. 1 l 3303, 1940), Cotin (Cheo]- 
Her., roL 2S, p. 395,1041; Trans, and fluid., CoH. Fhy'sit-Laiifl IPhl3ade]pblal, »er. 4* 
ToL 10* p. 149, 1JW2' PncHL Amer. Philos^ floe., toL 38* p- 150* 1044). and Colm* 
Onc3e>% Strong, Bugbes^ and Annatroni; (Joum. CILil Ijit. roL 23 p, 41T, 1944>. 

S, ItcTum illluMfn. 

The chemical propertle* of alhumln are also disensaed hj Cohn (Chem. Bor., 
toL 29, 305^ 1941 >p and by Cohn, Oncley, fltrong. Armstrons, Ferry, and Hdghee 

f (a Mndd, S., and Tbalhlmcr, W., Blood iwtofitltatw and blood tnmsfitsloif^ ebap^ 
29, Charlefl G. TtionuLH, Springfield, llL, 11[H2>, !ts osmotic pressure by Scoiebnrd, 
Batcheldcr, and Brown < Juum. GIIcl Iht., toT. 23, p. 458, 1944 )t ond Its cUatcal 
nse by Jane way, OlUson, Wo^jdnifft Bailey* and Newhouser (JouriL Clio. 

Inv,, toL 28, p. 4d5^ 1944), Jane way (jeara. Amer. Med. ASSoo, Yuh 129, p. €74, 
1944)* Newbooser and Lom^r ( U. &, Nar. M«L BiiF* roL 40, p. W, 1942), Stead 
and Ebert Uudd, fl, and Tbulblwef, W-, Blood stibstitutea and blood Hnns- 
fnslqo, p. 185 h Hejl. Oibaon, abd Janeway tJoura. Clln+ Inr., toI. 22, p^ 7G3, 

1943) . Wwdnaa and Gibbon fU. S. Nbt, iled- Bnll** toL -10, pw TOI, 1912), 
Kendrick, Kdcbel, and McGmw, (Army lied. Bnl!)., rol. €3, p. 107* 1943) Janeway 
<m Blndd, fl., and ThalbTmerp W., Blood snbatltiiiea and blood tmiisfnstonp ebap- 
21), Lnetsehcr (Jonm. din. Idt.* tdL 23* P- 365, 1944), Conmand, Noble, Breed. 
LaiiBon, Baldwin, Pinehot, and Bicbaids (Joiira. Clin. Inv.* voL 23, p, 401* 1944), 
and Warren, Steail, Merrill, and Bmnnon (Jonm. Clin. In?., toL 23* p* 50€^ 

1944) . 

F. Fitrim^fft^n and TiiiromfclHL 

The protolna i.‘oncerni^ In ihe blood congnbitlon moebAotBrn hiiTe been dLsens^fd 
by a nnmber of antbom. Recent reviews ore dyen by Engle (Medicine* toL 16* 
p, B5,1037), enm and Cnrtia (Medktftfi, VoL 17, p. 413;, 1B3B>* WObllach (Ergebn, 
PbynEoL, yol. 43, p. 1T4, 1940), Fergu^n (Anm Rcy. Physlot^ yol. 2, p. Tl. J940). 
Taylor* Daytdwa, and Ml dot (Nelacn New Tockse Leaf Medicine, toL 4, Thomas 
NelBon A flems. New York), flecgersCJonni. BloL Chem.* vob 13«, p. 103^ 1M9>* 
Sece!>rt and McOinty (Journ. BloL Cbem„ tdL 1-16* p, 5U. 1942)* NeuraUit Dees, 
and Foi (Jonrn. UmL, toL 49* p 49T, 1013). and Fdsall, Ferry, nod Armetrong 
(jGnn:i, Clin. Inv^ yoL 23^ p. 557+ 1944). Tbe partflcatlon and properties of 
prothroinbln hnTn been atndled poKIcularly by Mellnnby (Proc. Boy. Hoc. Loadon* 
vol. B 107, p, 271,1030) and by Heegera (Jaoni. Blob Chem.* toL 13fl* p. 100* 1940). 
Recent sindlee on the porlQc^itloa of LhrombEa have been carrW ont by fleegom 
and McGlntj (Joam. Biol, Chem., toI. 148, p. Ell, 1912> and by MUatoue (Joiim. 
Gen. Fbyalu:., voL 25, p, {jt®, 1942). 
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The fandamentnl etudles mi flhrln clott and fibrin fllms have been carried 
out bj Ftrrr ^ind Morrison (Jaarn. dlo- lav., voL 23, p. 566, 1SM4), their itse 
\n tbe irarface treatment ot bliraa bj Hnwii, Berlu^ BoUey, and Amtsiron^ 1 Joiira« 
CUo. liiv^ Tol, 33, p. 5S0, In the repair of dtiral dofecta bj HaEIey aod 

Incraham (JotjriL CUo. InT,, toL 23. p. 6BT, and b^ [b^mhaiq and Bailey 

(Journ. Ahier, bled, Aasot, toL 13B, p. C80, 1JM4). ribrSn foam ’s^fis developed 
na a hemostalle a^ot by Bering (Jonm. Clfd. vnL 33, p. 536. 1&44>. Ite 
u:Se la neurnsorpery hiia been described hy In^rabiim and BaUey (Jonrn. Neuro- 
turf,, TOl. 1, p, 23. JW4). by Bailey and Ingraham tJotirm Oin. Inv,, toL 23, 
p. 561. l£H4), ind by WoodlmU (Joarti, AmCF, Med. Awe., voL 12ft. p, 41», 1&44), 

Or BU}Qd^srmpinff a^obaUnff. 

The elus^Ueal work on blood groaplng la by Landsteluer iCentralbl. Bakt.i vol, 2S> 
|i, 357* 11)00: Wien, KMn, Wochenschr,, toI, 14, p, 1132* 10011, BUK^O-iTrciupLlig 
technhpie bjia rccea t ly beeo considered In dotal] hy 3eblj£ and Bayd (Blood group¬ 
ing tofdmlqiie, luteTseleDce Pnbliaberfl. Now ’Kark, 1042), and blood graupa and 
tra n^uaiaua by Wiener (Blood groups and transfugSon, 3d cd., Charles C, Thonma, 
Bprlngfleld, lit,. llWE), For the separallon and eoncontratlon of LanoggLutlnliiJi 
f^om group specific human semni or plasma see Thalblmer and Myron (Joum. 
Amor* Med. Aasoc., vol. 118. p- 370,1042}^ Plllemer (Science, vol, 07. p- 7&, 1043), 
and PUlemer, Oncley. Melln, Elliott* and Hutrhlnsan (Jaarjx Clin, Inv,, tol, 23, 
p. 556 111441. and for tbelr appraisal see DeCnwin (Jouru. Clip. Inv., voL 23. 
I1.&54, 1044 J, 

H. y-OloMlH Aafibodfet (iHiMUfiie 

The earlier lUer^ture nu '*Th& cheialstry of antigens anil antibodies” la 
reviewed by UeirntdE (Med. Bt™. Gounc-i Spee Rep. Ser., No. 230, His Majesty's 
Stallonei-y O0S»* Loadoa, 1538). The most recent Investlgalloiia npon the ehemJi- 
eat properties o£ the y^lobollus are considered by van MatEeubecher (Bioehem. 
ZeJtscbr,* voL 266 pp. 22ft, 250. 1E33]I, McFarlune (Blocheln. Jonm^ voL 

407. (SIpO, IIT6 12300, 1035), Kekwlck {BEochem, Jikum., tpI. 32, p. 502, 1038). 
Rabat and pLdersan (ftetcnce* vol. 3T* p. 372, 1@38), tluidelbcrger (Cold Bprlng 
Harbor Bympo^Lutu Ob QuitatltatlTe Biology, val. 6 pl 360, 1038: Cbetfi. Bev.* 
Tol 34, p. m l£S0)p Eaibut (Jonm, Eip. Med^ vol. 60. p. 103, 103ft), Cehci. 
Mc'Mer^lcIn, Ondey* Newell, and Hoghfv (Jonm. Amer* Ch-Bin. 9oc., toL 62, p. 
3396 104ft), Cohn, Lnelschar* Onelcy, Annatrong, atid Dnvig (Jotirm Amer. Chem. 
St^c., voL !t2, p. 330G, 1&40), Cbbn (Chem. He?., vol. 36 p 305, 1041; proc. Acaer. 
PhJIoa, Soc., voL SS, p. 150. I0M), Cnbn* Oacley, Strang. Bu^es, and Anustrang 
{lonm. Cl IA lav., vaU 26 iw 417* 1044), WUlLainfl. Petenminn, CoIotos, Ooodloe, 
Oncley* and Armstrong (Jouru, Clin. Inv., voL 23, p 4^, 1044), the caneentra- 
tlaa of certain antibodies In ginbulln Iractloni derived from hnnum bIbod plnama 
by Eiders (Joura. Clin. In?.. toL 23, p, 510. 1044), and tbe use of the y-glabnlift 
antibodies in the pro^ylaxls and treatrneac of meaides hy Stokes, Marts, and 
Gellls t Jodm, Clin, Inv^ to], 23, p^ 531, 10*4), by Ordnian, Jennings, nnd Jnneway 
(Jourtn CUn. Idt^ voL 23, p 541, 1044), by Jane way (Joiira. Amer. Med. AsaoC., 
vnL 12ft. p. 074,1044)* and by Greenberg, Frant, and Rntsteln <JonriL Amer. Med. 
AfisoC., VOL i2ft py 044^ 1044), 
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THE MICROBIOTICS * 


By John N. ifcDi^rf jfttL* U. 


AJtliougli very Dew and little undei^istoody tlie microbiotio drugs pre- 
sent one of the most striking developments in Llie history of the health 
sciences. Witliin half a decade, un entirely new therapeutic concept 
has been instituted. An unportanl new group of eGicacious drugs has 
been made available to the medical profession for the eradication of 
disease. 

Many scientists bcliere, however, that the surface of this new sub¬ 
ject literally has only been touched, 'llje microbiotic drugs, and cer- 
Uinly those best known at this time, have far greater possibilities than 
are appreciated at present 

NOMBNCtATUEE 

From a technical viewpoint, the term “microbtotics” is a misnomer, 
when applied to the group of chemothempcntic agenls derived directly 
from micro-orgnniEms. Other descriptive names have been proposed, 
^ch as ‘'antibiotics** and ot hers. Konc of these names is adequate, bat 
for tlie present they are accepted. 

Since the days of Pasteur and Koch in the infancy of bacteriology, 
the ose of the bioIogicaT products has been the accepted mode of therapy 
in thfl prevention and treatment of diseases caused by pathogenic bac¬ 
teria. Soninis and vaccines, toiins and toioids, and antitoxins have 
been developed containing, or designed to create, natnrol antibodies 
by mesns^of which a patient may be immunized or protected against a 
pathogenic bacterial infection, or by means of which an infectious dis¬ 
ease may be Euccessfully treated. In the post, these natural products 
ha^ satisfactorily served to reduce the incidence and mortality of cer¬ 
tain contagious ^cterial and virus-cansed diseases. However, they 

1 Bfprinted bj pmnIwilDn from the Amerloq Jonrael of TbirPibC}'. ™l, lie, Un. 11. 

J&44p 'wltt nrrlilaiki bf ttw KDliiar'. 

Htmreh qnij StHtlttla Dcitf. nnd Cimmfttet Ermiifh. ChfmifRli BuTrBV, 

War Pro^qciloR Bwiird, WnihlDn^Pr and DlxtuT M the Wir ProfItlirE tma Ikiar^'f CItJUui 
P tfnlrilllo DlftribotJQR 0|Hc* In Okifro; At-I*fdae Pmtntmar in PtuirouicT, PEtirndilpbin 
rp31rfi& PbJhniiAtf ai^d Srlcurr; Uf AraeHcAii PrafmlDiLiJ Pb&nnnelit of 

El F^riDiLwnllco; Fonnat BilttfrP, AliHUnJ Tlrau, 
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have be^n in^ffectuAl figainst many conditions and in particular against 
diseases caused by protozoa. 

CHEMICALS W TimiAPT 

The application of cbemical agents to the combatting of disease, 
of course, is no new derelopuient. To a. degree, chemicals had been 
included in the armamentarium of the “medicine man" since time 
immemorial. The magnifiicent charlatan, Paracelsus, was the first 
real exponent of chemicals in therapy. Little w'aa contributed to this 
field of medical science for hundreds of years, until the discovery of 
the alkaloid, quinine, in cinchona early in the last century by the 
pbmrmacista Pelletier and Caventou, and the isolation of emetine 
from ipecac. These substances were the first chemical agents effective 
plasmodlum of malaria and against amehic dysentery. 
They represented the beginuiugs of “chemotherapy," differing from 
“chemicals in therapy.” 

CEIEIIOTHEILVPY 

Chemotherapy had its true beginning in 18T0, when the Frenchman 
Ijaveran traveled to Africa in search of a chemical substance which 
would prove of value in the treatment of trypanosoma! diseases such 
ns malaria and sleeping sickness. Chocsing arsenic from among the 
heavy metals, Laveran successfully developed the arsanilatca, and 
for his biochemical discoveries was the recipient of the 1003 Nobel 
prize. Ehrlich and Robert Koch went further in his researches, From 
their work came salvnrsan and tieoarsphenamine. These were the 
first potent agents against tlie protozoan disease, S3'pl'iilis. 

Other tlian the discovery of the arsenicnis there were no striking 
advances in chemotherapy until Hoerlein^s researches in IfllO, in the 
Use of certain sulfonamide-substituted nzo dyes. Even he failed to 
recognize the value of his discovet^. 

TIIEWAPEUTIC INDEX 

It must be remembered tliat the value of a chemotherapeutic agent 
against disease is determined by wliat is known ns the therapeutic 
index. Pharmaceutical research workers use the matliematical ratio 
of “liigh killing power on bacteria or protozoa causing diecftse" as the 
numerator of a faction, the denominator of which is “low toxicity or 
killing power on animals and patients.” Thus many chemicals would 
be effective against pneumococci of pneumonia or in combatting the 
orgntiismacausing some other disease, but at the same time they would 
probably kill tlie patient. The higher the killing power against micro- 
organ isms and the lower the toxicity, the better the drug. 
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SULFONAMIDE DRVQS 

Until Domagk, 25 years latetj experimented with one of the 
dyes developed by Hoerlein, the value of the sulfonamides in the treat¬ 
ment of bacterial mfections lay undiscovered. The story of the sulfa 
drugs b now weU known, and the layman is fairly familiar with 
sulfanilamide, sulfudiiazole, sulfadiazinci and even with those not 
so well known. Many hundreds of different sulfa drugs have been 
deveioped and tested in laboratory and cliniea! trial| but only a few 
superior ones have been approved and chosen for production. Those 
which have been employed in the fight against disease have caused a 
material change m health care and have added neaj-ly a decade to the 
life span of mam 

Wliat is well understood b 3 * medical and pharmaceutical workorSi 
and now appreciated even by the general publiCj is that the *^sulfas” 
are by no meana haruiless; they are more or less toxic in nature. 
Some individuals are sensitive to them^ showing toxic reactions when 
they are aduunistered, while it is also possible for a patient to develop 
this sensitivity. In addition, there are not infrequently Individuals 
who prove resistant to the drugs. In other words, Uiere is a per¬ 
centage of cases of many of the ciistomarily sulfonamide'ameimble 
diseases where the infection is resistant to sulfonamides;. Ah^^ the 
"sulfas’’ are not of value in the treatment of protozoan infectioi^. 

The primary overenthuBiasm for the sulfonamides has subsided, 
and we now fully appreciate their proper place ns potent, eflicaeioiia 
specifics. While they are not a general panacea for nil bacterial dis¬ 
eases, they are exceedingly useful against a selected group of infections;. 

1’he search for other and better dniga went on, with the emphasis 
upon those which have as their mode of action a direct toxic effect 
or metabolic inhibitory effect on the offending organisms. 

ANTIEtOnC CONCEPT 

Through the years there existed another concept of antibacterial 
action in tlie treatment of disease. As long ago a$ 1877, w hen Pasteur 
and Joubert conducted their immortal experiment on anthrax, they 
had observed that cultures of anthrax cea^ to grow when accidentally 
contaminated by air bacteria. They also observed that sheep sur¬ 
vived when infected with this contaminated cnlture. This was the 
first evidence that a substance produced by one micro-organism is 
capable of arresting the growth of another. Even though Pa^eur 
called attention to this apparent principle, he failed to pursue it 
further. 

At one time it had been believed that the soil was the source of all 
infections and epidemics. Koch’s experiments in ISSI on the survival 
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ratfl of bacteria showed tliat pathogen ic organ ioius tUo out rapidly 
in the soil, due to some unknown factor present in soil 

The potentialities of ontiigoiiistic iiiechanisais among tlie micro- 
orgaiiisDis were appreciated by Cantani, who in iSS5 endcsTored to 
treat certain diseases by moiiiis of known cultures of sapropiiytic 
orgatiisms. 

PYOCTANASfl 

Later, mujty otTier antibiotics were discovered, .eluding eitract-S 
from B^Uvs pyocy&nem, Pyocyanase has beei, known since the 
early nineties, although it was never deemed very effective. It was 
never obtained in crystalime form, and w-as employed chiefly in as- 
perimental studies, although in Germany since 1030 a pyocyanase 
ointment has been avaikbie for local application on skin lesions 
resulting from anthrax, 

Tlie lost step hi the ^ries of basic researches which precetied the 
advent of the recent outlbiotic studies was when Vaudremer at* 
tempted to treat tuberculosis with Aspefyillus fumigate cultures. 
His unsuccessful work followed preliminary laboratory in vitro tests 
which had given great promise. 

AOCIDEXTAL DISCOVl^T 

Our story really begins, however, in 1£S8 in the bacteriology labora¬ 
tory of St. Mary!s Hospital, in London. Durbig tlie routine exam¬ 
ination of some culture plates Prof. Alexander Fleming observed en¬ 
tirely by accident a coutamiitating mold which caused lysis of tiie 
staphylococcus organisms nearby. He had observed a phenomenon 
which had been ignored by countless bacteriologists before aud since. 
Fleming aubcultured the mold in broth and found tiiat a strong anti¬ 
biotic, nontosio to animals, passed into the brotli from the mold. The 
broth apparently possessed marked inhibitory, bactericidal, and bac¬ 
teriolytic properties. Fleming coined tlie name ‘^penicillin” to des¬ 
ignate a filtrate of the broth culture of the particular organism which 
he incorrectly identified as P^icUlhiini ruh'ntfn. The term **penicil- 
lin'^ Jias been retained, and while medical dictionaries recommend the 
pronounciatioii us “^n^-iss-liii,” the majority of scientific workers 
prefer to use “pen-i-sill-in,” 

After a year's study, Fleming established tlie specific activity of 
penicillin against various gram-positive micro-organ isms highly 
pathogenic to man, including die streptococci, staphylococci, gon¬ 
ococci, poeumocoect, and menini^oecl. Ho had also discovered tliftt 
thfi^ filtrate was ineffective against many gram-negative cocci and 
bacilli. 
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niESTIFICATlON 

In 1932 other British workere, Clutterbuck, LovsU, and Baistrick, 
Teri&ed Fieming’s experimental reports and with the cooperation of 
the noted American mycologist Thom, correctly identi^ed the mold 
as F, notat^m Westling. Fleming continued his studies but contented 
himself with re|»rtmg that it did not disturb human white blood cells, 
and that it appeared to have some value for local trentment of derma¬ 
tologic infectior'. Ke employed the SUrste chiefly to inhibit con¬ 
taminants in th. eolation of orgeniams insensitiTe to iwnicilJiti, such 
as Bemo^hUm iifft’uejiaae. 

Clntterbuck iu 1932 attempted to isolate the active principle from 
the pcnicilUu filtrate bnt failed, and with Fleming’s reluctant agree¬ 
ment concluded that the substance was too labile. Thus, except for 
occasional use as a difTcrential culture, Fleming’s discovery lay dor¬ 
mant for 10 years. 

LYSOSniB 

In 1929, the year of Fleming’s first report, aaotlier British investiga¬ 
tor, Howard Florey, and his associates at Oxford began work on Ijso- 
syme, an antibiotic substance discovered T years before by Fleming, 
and ultimately crystallized in 1037 by Boberts, During tlie next dec¬ 
ade Florey continued his progress, firmly convinced that somehow an 
antibiotic would be discovered that would be nontoxic to man yet of 
value in tlie treatment of infections. The mec]>anism of tiiese sub¬ 
stances was not dearly Indicated, but tho principle upon which they 
acted was generally accepted, Florey studied many organisms but to 
no avail until 1833 when he directed his attentiona to peoidllin. 

SOIL BACGTEIHIA 

During this period, other equally striking work had been conducted 
in the United States. In the course of studies at the Bockefeller 
Institute for Medical Besearch in New York on the virulence of dif¬ 
ferent types of pneumococci, Dtiboa in 1038 completed a successful 
search for a si^ecific bacterial enzyme which by decomposing tho 
capsular polysaccharides of the organisms would render the pneu¬ 
mococci avirulfuit. He believed that micro-organisms existed which 
would attack other unrelated microbial cells, assuming that all orgsnic 
matter added to the soil eventually is decomposed by soil micro- 
organisms. Duhos hoped that living cultures added to soil would 
develop selective flora capable of attacking certain bacterial species. 
He was successful in isolating such a material, and prepared from it 
three active sabstancce inhibitory to gram-positive organisms. They 
were tyrocidine, gramicidin and gtamidinic add, 

87MU—Ifl—-SB 
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ITEOTHBICSNt TYROdDINE, AM> OBAMIClDIN 

Tyrocidma hydrochloride wos first termed gramiidc ttcid. A erj s- 
talline neutml sutetaDce was found to be gminiddin, while gtnmidinic 
acid httor wiia found to consist of gramicidin and tj^rocidiuej and was 
called by die term now employed^ ^‘^tjxothrkm/* All were markedly 
bactericidal in vitro against gram-positive micro-organisms but 
tyrotbricin and tyrocidiue were also effective against organisms of 
the gmm-negative group, 

GrEunieidin proved to bo most effective, but caused serious toric 
reactions^ However^ die highly bactericidal effect of gramicidin when 
injected into experimental animals previously inoculated with cub 
tures of various organisms revived interest in Flemingrs penidllin. 

Aocordingly, Floreyj die biochemist^ and his Oxford assocLiites^ men 
whose names have since become renowned for thdr outstanding work^ 
began the systematic study of the new substance, penicillin, Abraham 
and Chain, and Heatley^ all chemists, together with Lady Florey, a 
physician of competence who was the major contributor to studies on 
local use of penicillin, all reported on phases of the work. 

TEEE CCLTUSE 

The crude fluid first prepared as an extraci of the culture broth of 
penicillin showed remarkable properties. One pa rt in several hundred 
thousand and even up to one in a millioti dilution inhibited growth in 
vitro and in vlvo^ of a mimbcr of organisms. It was apparent that 
here was n potent new agent with* to quote Florey m 104, the 
b&ctcrostatie power . * * as greAt as, or greater dmn, that of the mo^ 
powerful antiseptics kiiowiij such as the heavy metal compounds, the 
acridine derivatives, etc**^ The eausative agents of anthrax, gon¬ 
orrhea, pneumonia, meningitiis, gas gangrene, and a host of other 
diseases and infections one by one yielded to this new' miraculous 
substance. 

FROBLEliS 

As yet^ the product was not ready for use in the treatment of disease 
in humans. Two problems confrouted the research workers* How 
fihoiUd the active substance be extracted? How should it be stand¬ 
ardized! 

identification of the physical and chemical nature of the active 
principle could await the satisfactoiy resolution of tlie^ two earlier 
peiTJlmng problems, even though the analysis and synthesis of the 
principle was a tusk which was of terrific magnitude 

THU oxFOitn tTr^rr 

A test for potency was ingeniously worked out by Heatley, under 
Florey’s direction. Fleming’s originsl serial dilution method, similar 
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to thit employed in usual btcteriolo^c procedures, was empiric and 
unsuited for exocting ’?rork. A modification was developed, using 
porcelain cups set on agar plates. Heatley defined the unit of peni¬ 
cillin antibacterial activity for the cup method as that amount of 
penicillin which when dissolved in 1 cc. of water gives a zone of 
inhihition 24 num in diameter, or the amount by serial dilution which 
when dissolved in 50 cc. of broth completely inhibits the growth of 
a test strain of S. awretts. 

The unit of penicillin was accepted by most workers and was named 
in honor of Florey. However, the latter modestly disclaimed the trib¬ 
ute and proposed instead the now generally accepted “Oxford unit,” 
after its place of discovery. Tliis term is still in use tn this oonntry, 
but because its measure is so small, about O.S microgr^um of penicillin, 
and because so many are represented in usual therapeutic procedure 
and industrial production, the British Imve invented the term “mega- 
unit” to indicate 1 million Oxford units. 

In this country and in England over a score of research labora¬ 
tories are collaborating in a study of penicillin assays under United 
States Pharmacopoeial and Food and Drug Administr&rion sponsor¬ 
ship, in order to develop standardized and improved methods. 

EXTRACTION 

The first method of production employed was the bottle process, 
where bottles, fiasks, or trays were used, requiring thousands of con¬ 
tainers to yield any appreciable quantities of the broth culture. This 
was the sure method and the one employed by nil producers in their 
early programs. Other methods develop later in this country were 
the trickle method, where inoculated broth flows over stones or chips 
as an adaptation of the quick vinegar process, and the bran process, 
where sterile bran is inoculated by cultures, and the penicillin extracted 
later. 

natatutrt grows under both surface and submerged con¬ 
ditions, although different strains are used for the differing processes. 
The submerged or deep-tank method which is responsible for most 
of present.day production allows the penicilliam-inoculated sterile 
broth to be aerated for the period of the fermentation cycle, in 1,000- 
galton tanks or larger. 

The solution to the problem of eactraction, which had impeded prog¬ 
ress for over a decade, was discovered soon after the unit was developed. 
It involved the passing of impure acid penicillin broth (pH 2 to 3) 
from a watery solution into an organic solvent such as ether, chloro¬ 
form, or amyl acetate, and the subsequent passage of the purified agent 
again into water, shaken with alkali. This principle, by appropriate 
cycling and with the aid of further steps in purification with acti¬ 
vated carbon, followed by the snap-freezing and desujeation procedure 
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emplojed in processing blood plastniij Eftili holds in industrial practice, 
with some modiScationa from plant to plant 

CUNIGM- TRIaI. 

A minute quantity of partially purified penicIUia was finally ofe^ 
tained^ and in England on February 12,1941, the firet. human patient 
was treated- The r^ponse was dramatic and extraordinary, even 
beyond the optimistic hopes of tlie research team* However^ just as 
its ful! powers were in evidence, the supply of the drug become ei- 
Imnatcd; the patient had a relapse and died- Addittonal supplies were 
prepared, and by June half a doacn other patients had hcen treated^ 
even though tlie Oxford workers had considerable difficulty in finding 
subjects; Thoee event no llv tamed over to the penicillin team were 
generally moribitnd, the difficult of all jKis^iblc conditions, where 
the attending physicians beiicv'cd that the experimentation could not 
hurt the patients for whom all hope had already been abandoned- 
Every one responded, although twice at the peak of success the drug 
supply again run out aud the patients died* 

AMERICAN IKTEREST 

Faced by all kinds of oijerattonal difficulties, shortage of manpower, 
lack of equipment, and a wide general apathy to their reports, the 
English research workei‘s remained undaunted. Under the auspices 
of the Rockefeller FouDdation, they came to America, and Florey and 
Heatle 3 ^ presented dieir appeal for technical and industrial help to 
the National EeseordiL Council in IVashington early in July of 1941. 
Through the sntiinier montlis of that year Florey and his associate 
worked UJicler grants from these bodies and with tl)e research and 
producUoii staffs of EcveraJ enterpriaing American pharmaceutical 
and chemical hou^s. They gained tlie cooperation of Coghill and Iiis 
co-workers of the United States Department of Agriculture Experi¬ 
ment Station at Peoria, experts in tlie fermontation field. Tliey were 
able to develop new culture methods and to find ways of incraasing 
yields* Florey returned to England in September of 1941 to devote 
his efforts to the improvement of the purification process. HGatlcy, 
his fellow worker, remained iti this country for a year and assisted in 
the planning of the first small program of protluc tzon* 

The results obtained in these early months^ experiments were even 
more startling than Florey and Heatley had dared to predict or to 
hope. American research workers under the direction of the Office 
of Scientist Research and Devolopmeut found that their observations 
more than bore out the early promise: of the drug. With ranew^ed en¬ 
thusiasm, larger-scale production of the drag was planned* 
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In the interim tlte United States wpa plunged into wat^ but nothing 
was allowed to interfere, and the development work proceeded 
unabated. 

CLINICAL STETOES 

Til© first patient to be studied in tliis countrv under the cxlenaivo 
research program which has been in force since wag treatci,! with 
penidllm on ilareh 14^ 1942, in New Haven ^ Conn, An advanced 
cas© of hemoIjTic streptococcus septicemia} tlie r©g]50iiso was imme¬ 
diate- A few monilis later, when additional Brnall quantities of the 
drug mad© available from the laboratory-scale production began to 
proride ample evidence of the almost mimculoue powera of this new 
therapeutic agent, tli© several cooperating pharmaceutical firms came 
to the War Production Board with appeals for priority assistance to 
obtain the ©5:ocedingly critical equipment and materiaig needed for 
their new pilot plants^ which were the next step from research to 
industrial profluctiou. 

Apptosimfltely 50 different chemif^l and other subst4inees are re- 
quiml for tlie preparation of inoculiini, culture tneilia. recovery, and 
testing. Among these are lactose} starch, tulc, activated carbon, sev¬ 
eral acetates^ ether, chloroform, iim©, sulfuric acid, and a 
of starch manufacture, com steep liquor. Several of these suhstanceg 
are consumed now in quantities totaling millions of pounds a yeati 
The coutamcT^ and tanks, piping, gages, and meters, vacuum and 
pressure puuips, refrigeration aud sterilization apparutus have repre¬ 
sented millionB of dollars^ worth of wartime critical materia]. How¬ 
ever, immediatfi cooperation was extended, and one of Uie most di^- 
mntlc stories of war production was under way. 

OOMPl^aCENT 

Penicillin is not a panacea or a cure^alL It is an effective thera¬ 
peutic agent and a complement to the sulfonamide drugs. It has gi>nic 
advantages over the latter, but may never replace theuL However, 
rj)edicul history will record tli.© coining of penicillin as an impor¬ 
tant milestone, for this safe drug has proven! effective against many 
pathogens which heretofore proved inmiune to chemotherapy, and 
iigoiusL infections which hod shown an alhtoo-high lethal rate de¬ 
spite amenability to available thci^pcutie meaaure^^ The list of 
such organisms and infections h iinpreggiv© and broader clinical 
iavestigatioti will find even greater importance for the new drug just 
HS it is discovering numerous mfectioas against which it is valueless^ 

ADVAKTAGES 

Four theoretical advantages of fienicillin over the sulfonamides, 
however, are: (1) it is more potent in inliibiting growth of org^n- 
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ifins; (2) its bacteriostatic power is ItiQiieiiced to only a miaor extent 
by the number of nrpnnisn^; (3) it is not antagonised by break- 
tlown products of tissue autolysis or by exudates (pus); and (4) it 
is nontoxic. 

Penicillin is dramatically cffectiTe against a host of Idllers; llenin- 
gitis, pneumonia, tetanus, anthrax, osteomyelitis, syphilis, empyema, 
cellulitis, diphtheria, gaa gangrene, relapsing fever, actinomycosis, 
puerperal se]?sis, and miuiy otliers. In the treatment of war wounds, 
penicillin first proved its worth on the bloody sands of North Africa, 
ivhcnco cuiue the early reports to our Army medical staff which 
prompted thent to experiment with it. Out of these studies came 
the Army’s demand in 10-13 for penicillin—and as much of it as it 
wns possible to produce! Since then penicillin has earned for itself 
the equivalent of the Congressional Medal of Honor, for thousands 
of servicemen’s lives have been saved by its wonderful powers, and 
countless crippled and infected bodies quickly restored to lienlth and 
n yfiilnpgg. From the nij-sterious but important realm of war medicine 
penictUm emerged as a miracle drug for soldiers and sailors and for 
civilians alike. However, penicillin is by no means the only snccessfdl 
or promising antibiotic. 

ClJiSSinCATlON OF ANTiBlOTKrS 

Tbero arc many antibiotics. Wliile it is a simple matter to classify 
antibiotic substances after their chemical structure has been clarified, 
certain criteria have been developed to enable workers to properly 
evaluate these agents. The criteria, according to Waksman, are: 
(1) the organism that produces the sulxstatice; (2) the toxicity of the 
substance and its chemotherupeutic activity; (3) the selective cfi’ect 
of the material upon specific bactcHa (this is termed tlie bacterio¬ 
static or antibiotic spectrum); (4) the chemical nature of the snb- 
stance (long before the active substance is isolated, microbiologists 
have a fairly good idea as to its general character); and (5) the mode 
of action of the substance upon bacteria. 

Since an organism may proiiiico several different antibiotics, and 
in turn several different organisms produce the same type of anti¬ 
biotic, duplication hns been discovered. For instance, a dozen organ¬ 
isms produce penicillin, while cl&vacin, patulin, and daviformin from 
different organisms are the identical substance. 

Aside from the several known isomers of penicillin, there are a 
number of other antibiotic agents which deserve mention. Of those 
which have been mentioned to any extent in tlie literature, only a few 
arc worthy of comment here. 
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TTROTaEICIN 

Tyrothricin, tha cotnbmution of gramicidin and tyrocidinCj ia a 
highly complex chemical of varying composition ohtamed from cul¬ 
tures of the aarobjCj spore-forming soil bacteria, irevis strain 

BG, Its chemical structure is or Avail¬ 

able as a commercialIj nitirketed product, it is used in diluted isotonic 
solution by instillation, irrigation, or wet dressing* It may be intro¬ 
duced into tlie body cavities such as the pleural cavity, sinuses, mas¬ 
toid* and urinary bladder. It is exceedingly toxic in the blood¬ 
stream and is not indicated for parenteral injection or oral use* 
Tyrothricm has been found to be of particular value in treatment of 
indolent tiloers, abscesses of skin and m^(^Cl^ra, mahioiditis, certain in¬ 
fections of eye, nasal sinus, and pleural cavity, empycmn, postopera¬ 
tive infections, and oateomyelitis. It bos been found most effective 
against certain species of staphylococci, streptococci, and similar 
organisms. 

GLIOTOXIN 

Gliotoxin was crystallized several years ago, before penicillin, from 
Gliocladium and Trichoderm^ 

species. It is effective against both gram-positive and gram-negative 
organisms but is too to.vic for therapeutic use. Its chemical formula 
is Ci,Hi-|0*NjSa. Gliotosin has been found to be effective against the 
staphylococci, sti-eptococsii, and DipJo^occm 

FUILI-GACIN, FUMAGATIN. AKD ASFERGUXIG ACn> 

Aspergillic acid is a substance derimi from hav¬ 

ing tlie chemical structure of CisH^^NjOa without sulfur in the mule- 
eule. It has a limited range of effect!vene^ against both grmti- 
positive and gram-negative bacteria. 

Fumagacin, or helvolic acid as it is also called, is similar in action 
to penicillin. It bos an indefinite chemical formula with either SB or 
S3 carbon atoin^ and is lacking in both nitrogen and sulfur. Being 
water-insoluble in nature mid Je^ active, it Is less valuable even 
though it is geaemny effective against gram-positive organisms, sim¬ 
ilar to Uie action of penicillin* It is derived from Aj^pergi/lus fnmi- 
ffatus. Also obtained from the same organism is fumagatin, CjH.O^, 
which Ints limited sensitivity and therapeutic value* 

OTHER KETONE CO>l FOUNDS 

These ketone antibiotic compounds have been crystallized and ob¬ 
tained in pure form* Several others are of lesser gignificonce, such 
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ns peoicUlic acid (CgHi^Of) from P. cyclopium and P. pnheniltim,f' 
kojic acid (GsH^Oi) ; pubernlic afid (CiHiOi); and puberulonic acid 

(C,H,O0- 

clavacin 

A signiticant ketone antibiotic is clavactn, which has many atlases, 
sndx os patulin, elaTifomiin, and claratin. Obtained from Asper^U^ 
Im P. paiviv'mf and A claviforme, it has the formula 

C,H* 04 . Great enthusiasm was eTidcnced at one time in Great Britain 
hocause of its reported value ugaiTist both gi'am-pusitive and gram¬ 
negative organisms and for its apparent action tipon the secondary 
organisms which complicate the common cold. Later experimental 
use by other workers faded to substantiate the early exi>cctutions that 
it would prove a specific for the common cold, bui the subject is still 
an open one with many authorities, aocoi'ding to Baistrick. 

CAe^iofnhtm cochliodee is the source of clmetomin, which has also 
been isolated but never purified. It has limited usefulness but may 
ultimately prove of more value. Citrtnin, CijH]*0(,, is a quitione 
from P. citrinum and from other species of Aaperffillve. It is iint as 
active as the other antibiotic agents and is more toxic. 

ACTINOMYCtN 

Of tlie various species of organisms from which antibiotics may 
Le developed, the actiiiomycca are the most promising, for over one- 
lift h of all tliese species are capable of producing antibiotic substances 
of some type. 

One of the most promising of the group is actinomycin A. Ob¬ 
tained from A. aniibioUats^ it is a pigmented ring compound with 
the formula C*iHsbK*Oii. Although it is toxic to snlmals, its com¬ 
plex natui^ provides possible avenues of approach whereby the 
chemist msy substitute in the formula and bring about a reduction in 
toxicity and a further incroaso in pliyaiologic activity. 

Various HCtinomyces si»cics produce actinomycetin, a polypeptid 
of indefinite composition which is comparatix’ely non toxic but of only 
limited activity, It acts more or less os a proteolytic enzyme. 

KOTATIN 

Penicillin B, notatin, and peualin arc terms used to describe a glucose 
acrohydrogue ase from P. notaium. It has only slight activity and 
specificity against a limited number of organisms. Kone of this entire 
group of antibiotics, with the exception of penicillin and tyrothricin 
concentrate, have achieved siilficient recognition to warrant com¬ 
mercial production for therapeutic use. 
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BTREPTOTBaiCIN AXD eTEEFTOSlSClN 

HoTFeveTj nmother new nntibiotic which is already in the clinical 
research stage of developmeiit U streptothricin. This substance is 
derived from d. Iniienduloi and is effective Hgainst both gram-positive 
and gram-negative organiams. It possesses the properties of an or¬ 
ganic base. Streptothricin is antimicrobic rtithcr than merely anti- 
^cterial for it has shown value against various piUbogenic fungi and 
higher forms. In addition to equaling the value of penicillin against 
grnm-positive organisms {with the esception of streptococci)! it has 
a signiffcant value against such gram-negative organisms ns the colon- 
typhoid and siilmouella groups. Other than use in the treatment of 
infected wounds and bums, it has u limited future. 

Sireptom 3 'cin, a closely related oompound, is similar in activity and 
has been shown to have far less toxicity. Developed by Waksman 
and his associates at the ^^ew Jersey AgHcuUiiral Experiment Station, 
streptomycin is derived from cultures of Aetmomyces It bos 

shown I'emarkable properties in combating both gram-positive and 
gram-negativB organisms, particularly against hitherto resistant bacil- 
lary conditions of the latter group. This new drag has been studied 
by Hcrrell and Heilman, of the Mayo Clinic, and by Beimann and 
others at Pennsylvtinia. 

Effective against KlehtneUa pneum^imf Frlcdlander’s infection, 
mixed bacillary and salmonella infections, and in particular against 
3. tular^nse of Lnlaremia, streptomycin has proved exceedingly valu¬ 
able in theeradicationofjFftcfiAeffatlypftoMin typhoid fever. In early 
reports based on laboratory in vivo experiments ond on remisdon of 
lesions in clinical treatment of SfycobacteT^wrt tubfiTCul^tsit infections, 
streptomycia has been found to be a valuable agent. It has also given 
early promisa in treatment of veterinary infections sucli as fowl 
typhoid and brucellosis. 

Streptomycin is not a replacement for penicillin, but will be a valued 
$rupplement to that drug and to the stdfonamide chemotherapeutic 
agents. It h ns great promise as a therapeutic agent o f the fat urc. 

As far os the related antibiotics are concerned, three suluitances are 
now recogniaed as valuable in the treatment of human infections. One 
is derived fronr soil bacteria, the other two from molds. I^rotbvicin 
has snfhcient value to be retained as a therapeutic agent for immediate 
Dontissua jumetration contact bactericidal action, particularly for op- 
crational usage. Streptomycin is already proved of value for its effec¬ 
tiveness agains-l the gram-negative orgnuistus. Penicillin will still 
remain the drug of greatest promise, at least until some as yet uiidis- 
covereil substance appears to displace it. 
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PENICILLIN THERAPY 

To return to the subject of penicillin, a pertinent fact concerning 
action Is that, just as ceitain sulfonamide-fast bacteria are Bensitive 
to penicillin, 60 there has been reported evidence of organisms ’which 
are perdstentiy resistant to penicillin. The caiise may be nature I* 
acquired by prolonged contact, or due to small colony rariants. So 
far as ia known^ no cases have been reported yet wliere sulfonamide^ 
fast organisms Inivc proved resistant to penicillm, and vice verea, 
which is gratifying. 

Any list of pathologic conditions and states in which penicillin waa 
knoAvn or believed to be effective must of necessity be coimdered incom- 
pletcn Certainly present research piograma and tlie results which 
will be gained from usage of the drug will undoubtedly broaden its 
field of mdicaLions* It is already evidenced that where it is Kjiially 
as cfEcflcioiis as other measures, including ssulfomvmides, economic 
factors and mode of administration govern usage. 

A concise and helpful report on indications for pcnicUUn was pre¬ 
pared m 1944 by Dr. Chester Keefer, cltairnniu of the committee on 
chemotherepy of the National Besearch Council^ and coi^iltant to 
the Office of Scientific Eescarch and Develo]?inent, for the War Pio- 
duction Boiird’s Office of CivlUan FcnicilUn Distribution* Based on 
accumulated experiences it was found that penxcilhn was the best 
therapeutic ftgent svailabla for the treatment of certain conditions, 
as follows ^ 

All ijtiiphrloeoccas Jnfectlftns with and wlthoot bnctercmia: Acute and diroalc 
oateeniiyFlItlA carUanclea —noti tUiiiiie laeniDgkls^ carentDiui or lateral 

uLnus throiiineaLs^ paeDiDiuita—cmpycnm, coibunele at wound lafeetlaiifi— 

baruE, and endocarditlE- 

AU raeva of dofitrldia lafeetlena : Ona mall^iiat edema. 

Al] hetnulytlc atreiaoeocelc iuTcctlonrt with bacUpiviula and all serlooB local 
Ibfectiojifl: CelliillliB, maEtotdlLlE with Intracranial rezQtflKcatlcmE, L men- 
Kufltls, Btnua chromboaiai pucumorita aad emiTjocia, |»uerpeml S€|uls. pert- 
tonliJE aud endocaniltiSi 

All anaerobic Sstretilococck InfectlooB : Ptieri^ral ECpsts. 

All pnenmoctwlc InfecUonE of uienJageat picara, endocardlnia. AU cases of 
EulfoDfiui Ldi{^rf?Elatni7t: pticumococelc 

AU foaoreceic infect Ions, eapeelaUjr thcae rejupUcatciI by arthritis, ophlbaSniEa, 
redocETdkls, perl toon ke, ^ildld>niEU«. All cmss of nnihrai ? clironlc pnlmoaarr 
MuppuiatlDCL In wblcli aurglcaL treatment La conEemplated. AU menEn^oeocelc 
Infcctloiu faLUng to respond lo BtJifoualnUlea. AIL cases of baclcrinl eudocarditiB 
duo to sniceiitlblc arganlEmH. 

Originally listed in a second group, where penicUlin has also been 
found effective, but position not definitely defined, were syphilis, 
bacteria] endocarditis, and ncUnomycfMisL It is now generally recog¬ 
nized that Syphilis and bacterial ondocarilitis nre projjor indications 
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for ponidlliii therapy. Kccently added was diphtheria, espceially in 
horse-scnLtn-^asitJvo patients 

Keefer ligted in u third group certain conditions of questionable 
value, in mixed infections of the peritoneuDa and liver in wbkli the 
predominating orgiu^jsra is of the graja-negntive flora, such as rup¬ 
tured appendix, liver abscesses, urinaij-tract infections and in rat-bite 
fever due to atreptobacillus mDiiiiiforniis. 

Penicillin ivas contraindicated (meiining that the drug tv-cs of no 
value and where administi-ation migiit cover up symptoms or forestall 
other proper therai>eutic measures^ not that any danger was pi'esent 
from toxicity) in the following cases because it is iiicfTectivo: 

AU graiD-nei^tlvo barSUarv Infections: Typbtiiti—rarntyrhoid, dys&otciy', E 
colif S* B. protevt^ B. p\p>c^nH€HJ^ Br. (and ala at fevi?r) 

P. rufnrrtitr? (tiilarcmiA)H fri^dlfindcr, 

TubBrciilQfltH, htstaplasmu^iaK acate raemiifltlc fever* lopiis 

eryUiematesLa UUTuseH Inrectioiifl aienouUelcoels peEaphlerus, dlseusOp 

acute aud chrynlc letikcinle* ulccmtlTc colitis, cOKldJoinjhCMis; tnalftrla*. poUo, 
myelttUp USaeftoiiiyco^la* aouBpeclBc Iritis and uveitis^ moaUlasIs vlrLis Infectloiaf^ 
caxtcer. 

ADMINISTEATiON 

Penicillin must be adiniutstcted in mthep krge dosea at first to create 
a satisfactory blood level, and for parenteral administration repeated 
administration is required thereafter at 4-hour intervals or continu¬ 
ously bcciHisc it is readily excreted and only sparingly abarbed. The 
drug is inactivated to some extent when administered orally. How¬ 
ever, it has been reported that if large enouglt quantities are given 
orally, adequate blood levels may be attained. Various methods of 
protecting orally administered penicillin have been successfully dem¬ 
onstrated and products such as tablets and lozeiigies are available. 

Penicillin is supplied In ampuls oJtd vials of 100,000 or 900,000 
Oxford units each, and when kept at refrigeration temperature will 
retain its potency for over 2 years, Tnasmtich as penieilUn is soluble, 
it may be dissolved in small amounts of sterile, distilled, pyrogen- 
free water, or in sterile, normal sniine solution, Wlien Inrge-tmit sixes 
are being used in hospitals, the contents of the rial should be dissolved 
so that the final concentration is 5,000 units per cc. This solution 
should be stored under aaeptlc conditions In the ice box. Kirby and 
others have reported that solutions will retain thdr potency for screraJ 
weeloj and even when ke]9t at room temperature It was found that 
potency remained for more thao n week. 

For intravenous use the dry powder Is dissolved in sterile physio¬ 
logical salt solution in concentrations of 1,000 to 5,000 units per cc, 
or higher, for direct syringe injection, Tt may be dissolved in sterile 
saline or 5 percent glucose at 25 to 50 units per cc. for constant intra- 
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Ywom therapy. For Jutramuacalar injection the total volume of iudi- 
vidua] injections should be smaU, i. e,, 5,000 units per cc, of saline; 
for topical application, solutions, in salt solution of 250 units per co.^ 
with the volume increased to 500 units per cc. where resistant or hi tense 
infections appear. The powdered form is i nit a ting to wound mtr- 
foces and should not be used- 

Bomansky and Hittman reported on tlie use of a sterile mii^turo of 
4: percent bee^as in peanut oil res a base for pemcilhn. Th!s prolongs 
and increnses absorption, maintaining iienicilUn levels for as long as 
8 hours. Greater economy and effectiveness may be attained by euch 
measum if they prove practical. Cholesterol is also used. 

There arc tiiree common methods of administration for penicillin t 
intravenous, intramuscular, and topical. Subctitaneous injections are 
painful and should be a voided. Kepeated intramuscular injection may 
be tolerated less well than repeated or eonstnnt intravenous injections, 
but frequently the intramuscular route is the method of choiceL 

The dosage of peniciUiu varies from one condition to another, and 
depending upon the patietit- The objective is to bring the infection 
under control as quickly as possible. 

PROCESSJ^S 

Tlie production of penicillin by several basic process^ has been 
engaged in by over a score of iudustrial firms. In il 11 these, pure cul¬ 
turing and aseptic handling is essential. Where contamination occurs 
the penieilUum fails to produce penicillin. From seed'^tdture stage 
to large-volume production,, cither by flasks or deep-tank method^ ia 
a step which has tasked the ability of the entire indui?try. The details 
of the processes vary from one proce^ to another and need not be 
discussed here. Suffice to say that the final product is a sterile, dry, 
yellownab powder. It h a relatively purs product^ marketed for use as 
the eodium or calcium salt. Pure penicHlm is a white cij^jtalUne 
substance, and does not require refrigemtion. 

POTENCY 

Tlie present penicillin product has a potency of more than 1,^ 
Oxford units per miMigram, and it ig rapidly approaching chemical 
punty, the potency for which has recently been ngreed upon, at the 
meeting of international experts on penicillin in London under League 
of Kations sponsorship, as 1,566 Oxford units per milligram. It has 
biH?n observed that tlie purer the product the lee® likelihood of reac¬ 
tions, and while some of the pure salt has been prepared, mostly for 
use as a reference standard, clinicDl trial has not yet determined 
whether any therapeutic value b lost in the complete purification 
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process. It is e:Ep«cled that a pure crystitlliu* penicillin salt will 
eYentually be marketed. 

Hecent work on pcnidlliti has indicated that tliore arc at least lour 
types of penicillini penicillin F (British I), penicillin G (or II)j 
nllopenicillin (HI) or factor X, a mare stnble^ moro readily' riystah 
Ikable and perliaps more cUiiicallv effectiYo bubstance^ and a ^Lctor 
or penicilliu K. Wintersteiner isolated pure crystalline penicillm^ 
but tlie search for its chemical identity and for methods of ^yuihcsos 
was shrouded in wartime secrecy. 

FSODUCIION 

The dramatic ^iory of lUo battle for production of |>cnicillm also 
had to await the end of tlie war for tlie telling. Only 400 million unit:^ 
of penicillin liad been produced experimentally prior to June of 1043, 
and little more than 20 billion imits during the balance of the year* 
Twelye months later, 20 tremendous plants located fiom coast to 
coast were pouring out increasing cjnantities of the drug. Tliey 
represent an iuYcetmenfc of almost 30 million dollars in critical equip¬ 
ment and materials During the month of October 10-14 over 200 
billion units were produced—^in 1 month well over 10 times the total 
production of all of last year, yet the total product weighed not much 
more than 10 avoirdnpois pounds. (By Alctrch 1040 the monthly pro¬ 
duction reached 2.000 bitlion units,— noU.) 

nELEA^E 

At first most of tbo material available was supplied directly to the 
armed services, with only limited amoimts of penicillin released for 
domestic civilian use and small quantities for urgent foreign needs. 
During the months prior to April of 10-14 small quantities of petii* 
cillin bad been allocated by the War Production ]^8rd to the Office 
of Scientific Research and Development for a program of c-liT\j > i it1 
research under the direction of Dr. Chester Keefer of Boston, and the 
treatment of urgent enscs. 

On May 1,1944, the War Production Board had available a small 
surplus of poniciliin over and abova military and research mjuire- 
ments, and under the direction of tho Drugs and Cosmetics Bnincli oml 
tho l^jnicillin Producer’ Industry Advisory Committee, a program 
of allocation for civilian hospitals was inaugnr3tc<L Tlie Office of 
Civilian Pctucillin Distribution of the War Production Board was 
organized by the writer as Director, and was located in Chicago, A 
limited supply of penicillin was released for use in accordance with 
the recommendations formulated on the hasu; of the clinical experi' 
cnee by OSRD and KHC workers, Tlie method was to distribute to 
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oTer IjOOO selected lioepitals fjerving as depota in the United States^ 
Alaska^ Penrto Ricn* Htiivaii, and the Virgin lalanda. These received 
quotas for each months, and from this supplied their own needs and 
those of the nearby hoepitab and practitioners. The list was es- 
panded to include over 2^700 depot hospitals. On Match 15, 1945, 
sufficient stocks had been aecumuiated and production levels created, 
and on tlist date penicillin was released by the War Production Board 
for distribution throngh nomml trade channels to the professions 
for general use» 

The cost of penicillin, when first quoted, was ^0 per vial of 100,000 
units, and that was acknowledged to be fsr below actual cost. Now 
it reaches the civilian hc^it al at less than 05 cent3 per vial, and is sup¬ 
plied to the armed services at a much lower cost. No doubt the price 
will go much lower as the present production goals ai^ neamh 

COKCLU^rON 

Today penicillin is an accepted essendal in the amiEunontaiium of 
materia medica of the physicians in America* The search for newer 
and better tlierapeutic agents in the field of antihiotica continues un¬ 
ceasingly* From the research laboratories and manufacturing plants 
of American pharmaeculical and chemical industry has come an amaz¬ 
ing record of achievement which ranks with tlic great scientific and 
industrial advances of alt time in the history of the United States and 
of tile world. It has been an unsurpassed contribution to the healing 
professions and to the welfare of mankind. 


A BRIEF SUififARY OF THE 
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iNTlEDDUCriON 

With the onset of World War II, bo many new agencies were created 
to cope with problems facing the Government and the Army and Navy 
that for a time the chief concern of the Smiths^jnjan was to find its 
place in the scheme of war activities, and how best to make its re¬ 
sources count in the Natjon^s total war effort. Many research organi¬ 
zations with physical and themicat labomtoriess were immediately 
called upon for aid in urgent wartime investigations^ and tlieir prolv 
Icjh was mainly how to accomplish promptly all that they were Oiikcd 
to do. At the Smithsonian, where the lienees dealt in^—chiefly 
anthropology, biology, geology, and astrophysics—were of less obvious 
war usefnlnesSj and where the facilities consisted of museums, art gal¬ 
leries, and small laboratories, staffed by highly specialized scientists 
in the disciplines just mentioned, tlie problems were to find its field of 
w ar service and to make its resources known. 

The Secretary of the Institution, sensing this situation shortly after 
Pearl Harbor, met it by appointing a War Committee to canvass the 
Institution's possibilities and to recoimuend specific lines of action. As 
a result, a large part of the effort of tlie staff was diverted to work con¬ 
nected directly or indirectly \^ith the war, and the Smithsonian Instil 
tution was found to be an e^ential cog in Uie great war machine in 
Washington. Although its role was mconspicuoiis ns compared with 
those of the large war agencies, nevertheless it was found to offer serv¬ 
ices not readily available elsewhere—services whose lack might well 
have led to costly mistakes and delays* The war was to an unprece¬ 
dented degi'oe a war of science, utilizing not only tho physical sciences, 
but also antliropology, hiolDgy, and geology—brandies of science 
with which the Institution is particularly concerned. Ita staff of 
highly trained specialists in these and other fields, os well as its loca¬ 
tion near the nerve centers of the Army and Navj' and the other w'ar 
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tigencifrs, made the Institution a r^ady source of quickly needed tech- 
nical infonnalioTi and hcni:^ a Taluable arm of the war services in 
Washington. 

A brief rfsuiul of Smithsonian war work will not only serve as an 
archival record, but might also conceivably be of value in couneclioii 
with certain postwar actmties. 

WAR COMJltI'n:EE 

The Secretary's intent in creating a War Committee was iliat it 
should serve as the agent and the rallyLng point of the entire stall 
of the Institution. The personnel of the committed woa selected to 
represent the various phases of Sinithaotiion Literests, Tlie chairman^ 
Carl W. ^litman^ represented engineering and Itidiistries; the secre¬ 
tary, William N. Fenton, anthropology^; Herbert Frledniarta, natural 
history; Ijojal B. Aldrich, the physical sciences; and P. True, 

the publication and information branch of tlie Institution. iTie com¬ 
mittee^ mstructiona were brief and unencmubeiN?d by a muUiplicity 
of detailed directions* It was given the responsibility of doing a job 
and left free to do it in whate\'or manner the turn of events indicateiL 
In effect, its sole purpose was to receive suggestions, cauTass possi¬ 
bilities on its initiative, and recommend actions that would pixi- 
mote the effectiveness of tlie Institution in the war effort. 

The adminL^rative simplicity of this method of adapting Smith¬ 
sonian activities to wartime needs enabled the War Committee to cut 
red tape and act promptly on al! pixjposiils from wdthin the Institution 
or fvQm without. Of coui'se, its autjiority was limited to the making of 
riecommendatioDS to the Secretary, but it attempted through the word¬ 
ing of its recommendations to produop a simple “yes” or “^no” decision. 
If the decision was “yes,” the committee kept in close touch with tlic 
appro^ied project and aided whenever possible in promoting its Bu™=*s?. 

The Wnt Conmdttce proceeded as fuhows: Becognizing that it 
was merely tliu agent of the entire staff, it first invited suggest ions 
from every member as to bow best be or the Institutioo us a whole 
could serve in the ^^ation^s war effoit. It next sifted the suggestions 
and considered first those that appeared to be widely recognized as 
dcsirabLe and saitabk^ Each project approved by tlie conunitteo was 
submitted to the Secretary as a separate recommendation to avoid 
complicating tlie decision on approviih Wben suggi^tions from tlie 
staff were all in bnjtd and given full consideration, the committee it¬ 
self made a eysternaUc canvass of the Institution's resources, facili¬ 
ties, and outside contacts to be sure no possibility of action had been 
overlooked. 

The main prindplea piJaitig t!ie committee in its consicleration of 
poteible aetiv itica were four: They should be of definite war value; they 
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should fall within tlic In&titution^B capabilities and resources; they 
should he as far ns possiblo along the linos of its normal work tn order 
to ovoid complete disrupt ion of its unavoidable cm~atorial and re- 
duties; they should avoid duplication of work being done or 
proposed by other agencies. 

The committeo made 23 definite rocoiiuncndatlons Sot action to the 
kSecretary^ and most of these were approved and curried out. A few 
Vi’ere rejected for ndministratii'o rcasoiiSj and 2, although approved in 
principle, were not made effective because of lock of agreemeut nmong 
I hose whose cooperation was necessary for their development. 

In ]^fay 1[M4 the committco came to the coucluaion that all possible 
means of making the tut ion useful in the war hud been cimvassed 

and advertised, and it therefore askotl to be dissolvetU In a letter 
pressing appreciation of the value of the committee^s work, the Secre¬ 
tary assented. 

The head mgs that follow' are not the individual recommendations of 
the War Committee but are the topics uuder which the Institution s 
war work falls. 

TECILVICAL ASSISTAA'CE TO ARMY AND NAVY AND OtHKR WAR 

agencies 

Probiibly the Smithsonian^s most effective contribution to the war 
w'aa its ability to answer urgent calls from the Army and Navy' for 
information in a variety of fields—mainly anthropology, biology, 
geology, geography, physics and ustrophy'aica, engineering, textiles 
ond fibers, and woods. JIauy of the requests were for information 
that had only an Indirect wnr connection, but others led stniigbt to 
the fighting fronts and had a direct bearing on the progress of the 
war. Among the® latter i^uesfa were calls for means of identifica¬ 
tion of various kinds of diseaso-beasTrs, such as mosquitoes, rats, and 
uioUuslos; for reports on g^ogniphy, peoples, and other features of 
areas ahead of the actual fighting; for inmsljteration of Chinese and 
Japane® names on maps of war ai^s; for preparation of n survival 
manual for aviators and other personnel stranded in unfamiliar 
areas; and for many other items of equal importance. 

These calls for technical iiiforiuation iiad begiin to reach the Insti¬ 
tution even before the creation of Uic War Gcmimittce. Recognizing 
tlie interest ond irnportoncB of keeping a record of this war service, 
the committee formulated a standard card on which each staff mem¬ 
ber was askefi to enter the agency making the request, the name of Uie 
inquirer, nature of the information wanted, whether or not it could 
bo furnished, and the name of the staff member. These cards ns vo- 
ceived by tha committee were kept constantly under lock and key, as 
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tlie character of some of the inquirie;& coidd in the ^rong hands provide 
clxics to future military opemtions^ 

The inquiries were handled in various r^ays, but in general, staff 
members were left free to deal directly with the olScial making the 
inquiry in order to avoid administnitive complications and the in¬ 
evitable delays resulting therefrom. When the stivff member called 
knew the answer to only one phase of the problem^ he supplemented 
his information by referring tho inquirer to others on the staff who 
had the knowledge needed to complete the atory* Otlier re<iue^ 
came to the staff through the Ethnogeogrophic Boards discussed kter 
in this statement, through Army and Navy liaison officerSj and through 
the War Committee. As inquiries were answered to tlie satisfaction 
of the Armjj Navy, or war agency officlais, the Smithsonian’s re¬ 
sources of specialiped knowledge became more widely known, and 
requests for information steadily increased in number* 

The number of recorded requests from Army, Navy, and war 
agencies for the war years was 1,50&; tbo number of such requests 
for Smithsonian publications containing needed technical or other 
data was 1,1815—a totiil number of calls upon tlie Institutioifs 
resources. Furthermore, many calls for one reason or another did 
not get recorded, so that the real total would go considerably higher. 
Such statLstics* of course, i^iwe only to show the volume of the Smith- 
souian^s contribution in this held, not the time or effort expended, or 
the Tsliio of the work. Many calls were for ^^spot*^ information and 
could be answered immediately; othets required a Tsried amount of 
research - and many led to detailed written reixirts with illustrations. 

It wouid serve no useful purpose to list here all the recorded re¬ 
quests for information j instead there will be tubulated merely the 
more or less popularized headings under which tjiey have been roughly 
classified, with an example or two under each to show their great diver- 
rifiention* These headuigs, with examples, are os follows: 

Examples; Lnfomintl^ii on the eurrenE polLlical situutKon la Peru vl%h specLol 
refereoee to Aiia esploioige—far a war ageucy* 

Eequest tor Its aaUjropoLoay laUofiitor; to moke two busts ot an avero^ 
roetli of 19 for use In desl^lag aavst lEeroaaotlcaJ CQuIpnient 
El^nolom^ 

Eruiupli^: Data on Uie Inofusi^e and ethaologj of tbe pci^jae of ilie Islands 
oS. Formosa—for ihn Arm^'. 

DcscrlpUcn nad pktures of nati ve Burmese — Cor tbe Am)^« 

Examples: JnCormQttDu on the sclcatiac eancQit of ruca for use la an anil- 
Alla pmgiigandQ mat Ion ptcharo to aeutmllxe falltidoos racial 

Uleai—for a war aRearj. 

MpUioUs of aistidguEsblag pJijBlea] featnTVfl of ispanese nml Cliiuese for 
use In pamfiblec to bs distributed nmone troope—for tliG Army, 
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Attronomi^ 

larg mpi^- All iTftHnljl# dato CD aqtrt}a0Epl<u[ '-Beclng" In s>ftrts of Uie 

world—for the Kavy* 

lotenaltles of moonlight and twilight—for the Armf^ 
iHolOffif, General 

Examples: Infonaotlon on amrlfio life of weitem Alnj^—for the AnD>\ 

Conferonw on the aii^tUcntjafi of our know lodge of iDarlne oxiADiaios 
to cortata war prohlems—for the Naxy, 

SirtiM 

Example: Inforitiatloii on homing and mlfiratloQ. Speelmeaa of hawks for 
clnm uoe in training men ni to bnwka that destroy pigeons—for the Army^ 

FUKeM 

Examples: Data for report on what should be In a flablDg kit for life rafts—for 
the Army. 

Data on poLsonono dshea and on the dtstrlhntion of shatko—for the Jiftyy, 

Egntuples: NumoTons conferences on tneect vectors of di^se—for Army and 
Navy, 

Informaltoa for a list of inaect [«sta of hn];wrtatioe to troop moTementa 
in Eufofie—for the Army. 

JfaMnioia 

Examples: Dlatrlbutloo and Mcntldcatlon of AsLatlc rats—for the Armj^ 

PLysEglogy nf diving mammaln—for the Navy. 

{inrludittff Sh{ptcmyn*\ 

Examples; Nutnetous oouforencea on ahlpwonu problema—for the Navy. 

Nnmerona conferencea on moUuoka tbht serve as Uiteruiedinte hosta for 
Orlcnlul paroEltes—for Anny» Nair>'i and a wnr agency. 

FoiiUtiff Orffaniama 

Evanipjo: Numerouji confemicea on organisms that foul Ahlpo' bottotna and 
theilr ldentlflcalloH“for the Navy, 

Plant* 

Examples: NanicmuB conferences on poisonous and edible plants of tbo 
Fflclilc wor area^for tiin Army and Nary, 

IdentiflcoUon of Qulnlno-produeing ptatits nml others of medical linpor- 
tance^-for a wwr agency. 

Rtptilet 

Exumples! Patn on paUonous annkes of New Guinea and adjoining Islands-' 
for the Army. 

InfonzinUon on sea snakes occurring peonr S^^uth Pacijftc Islands—for the 
Army^p 
£>00 If 

EiainpleHi Sources of photographs of types of smoil cr>af£ in lecltimoto trader 
off All antic const—for the Navy, 

Lists of names of nnlmaJs and hlrdsL and Indian names for nse Jn naming 
Naval vessels, 

VtlTnOHfiaffe 

Examples: Criticism and revision of list of plants to he used for canioadage 
pnrpoaes !□ coastal itistullatlmi—for the Army. 

Photographs for use In emmoudnge instmctlan—for the Army. 

Cork, Ffhert, and Other Sirateffle Material* 

Examples: Informatloii on typ^ of Bbeta ftMT cordage^for the Army* 

Bat tan suhstitutes tn West Afrlcm—for the Navy. 
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KffUoriat 

Request to chcclc maimiierlpt <d tralulti^ urnatml for botanical 
JtiformatlDD—^for the Naty* 

EdlUD;!^ and ssp^tt^lEtae complUitlob af a flossaiy oC QtLneae 
and tapogtnphlcnl tercu on maps—for the Army. 

Examples: Constmct maiipiiig device in engineering Inboratorr-^for a war 
agemry- 

PbDtagmplia of belioopters and anlOjEtrog—for the Army^ 

Ueorffmphu 

Examplen: Nofnarous rednosta for information, conferences^ reports on geo- 
amphyi we&iheri peoples, ate, of numy Paclfle war orea& 

47solopv, Ocncnal 

Example; Soggcstloii of tniLnliig rentera In areas In the United States with 
physiographic features of certEtln foreign conotrlnfi—for the Arpiij. 

Mhtsra^Offy 

Examples: Information on selenJum rc^urcea—for the Nutj. 

lufDmmtioa on optical llnorltie and calcllc—for u war ngertcy. 

Beam 

Examples r Lectures to dnss in tropical medicine at Army SchooL 

Information on what is most needed for medical relief to Rossia^or a 
war agency. 

Littrory Service 

Examples: Much special!]^ bibliographic aaslalance to Army and Naxy 
InvestlipitorfiL 
P^ifOnnH 

ExampEest Request for tbo uauie of n quoll5ed expert to direct prodacUon 
of cordage dhers in iJiUn America—fur a war iigency^ 

Names of Arctic, Tropic, and Dea^rt ^'Clallits—for the Army, 

/^hufoErniph^ 

Example: Coofer^nccs on n&demater photogrnpby—for the Navy* 

PhifMica 

Example: luformatlon oa tl|traaanlcu-~for the Nary. 

Stirtfivat 

ExQinpLea: Infomiattou on food sources in the rndEi-Pnciflc area—for the 
Army. 

Means of onhslatcpcQ for strandod nTlatotia In China and Mongolia—for 
the Army. 

^^rrAfloTopp 

Example: To mnhe experimental delayed time derJees—for the Anuy* 
TrottJlsttoit 

Examples: Tfamsinlion of 1,400 Chluew place namca on a map—for the Army. 

Tranalatinn of 20T psgcii from Japflincse—for a wur ageticy. 
irood Tctihnolo^y 

ExampLca; Numeroua EdenttDcntfons of forclgo woods for war purposes—for 
Army nnd Nary^ 

Infonualion on proper gwoplng of true mahogany and AWean mahogany 
in imuhet schedules—for a war ageuey. 

These eiamples werecliosen moro or less at ratidom from the record 
cardfl uader the various headings &ivd serve only to show the scope of 
the questions asked by Army, Navy, and war agencies. For some of 
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the headings there are hundreds of recorded inquiries, whereas for 
other topics with which the Institution is known not to be particularly 
concerned^ only a few appear. The four subjects that show the largest 
number of inquiries are biology, anthropologjj geography, and wood 
technology. 

GEOGRAPHIC ROSTER 

The War Comuiittee, shortly after its appointment, i-ealiaed that 
the first step toward a utiliaintioo of Smitlisouian resources in the war 
effort would bo a systematic record of the geogra]ihic and other special¬ 
ized knowledge of all membei'S of the staff. A questioimaire was sub¬ 
mitted to each member asking him to list his travel and field experience, 
his knowledge of languages^ and his avallftble photography of regions 
other than the United States. This material was tabulated on cards 
by areas of the worlds and to it w^as added the imlividuars pcrssonul 
history and his special knowledge* From the card file, a report was 
prepared under the title ^^Eoster of Fersoniiel, AV^orld Travel, and 
Special Knowledge Available to War Agencies at the Smitlisonian 
Institution*’* 

At the time the report was completed, the Ethnogcographic Board 
(discussed in the next sectioti) was being organized. As the Board 
was to serve as the deoringhouso for just such information, the Smitli- 
soman roster was turned o%^cr to it, serving as the nucleus for its larger 
file of such data. Dr. William K- Fenton, a member of the War Com¬ 
mittee who had prepared tlio Sniith^nian i-oster, was designated by 
the Secretary to eervo as research associate of the Etbnogi^graphic 
Board, and he at once proceeded to expand the roster to inchtde per¬ 
sonnel of the Department of Agriculture and other personnel records 
that were available* The file grew eteadily until it eventually covered 
some 4,500 specialists whose knowledge covered every paiii of the 
globe. 

The Director of the Board was enabled through this file, indexed by 
uamea and countries, to locate promptly upon request from the Army 
and Navy persons with special information, maps, photographs, and 
knowledge of languages of any particular foreign region* Amy and 
Navy ofBcets and civiliana representing the war agencies used the 
file constantly* 

trrRKOaBOOEAPHtC! BOARI> 

The Ethnogeograpbic Board was originally proposed by the Na¬ 
tional Beseareb Council as a means of bringing togi^ther in one place 
all the known resources of speciali^d and regional knowledge so 
urgently needed by the Army and Navy ^particularly in the early days 
of the war. The Smithsonian War Committee, hearing of the plan 
and recognizing in it an extension of the service tho InstituLioa itself 
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rendering, recommonded to tha Secretary that the Ingtitution 
tafee a part in spansoring the Board and offer immediately partial 
financial atjpport and office spa^ in the Smithsonian Building. The 
offer wns prompt]y made with the result that the Institution joined 
with the National Research Counci], the American Council of Ijcarncd 
Societies, and the Social Science Research Council in setting up the 
Ethnogeographic Board with oflicea in the Smithsemian Main Hall. 

Tlie si.x members of the Board wore chosen loinlly by iHc four ispon- 
soring institutions. They served as a policy-mating body and acted 
in an advisory capacity to the Director, who conducted the business of 
the Board. The Director selected was Dr, William Duncan Strong, 
who obtained leave from Columbm Univei^ity to accept the wartime 
post. Three members of the Ktaff of the Smithsonian Bureau of 
American Ethnology were assigned to assist the Dircefcorj and tile 
5x>ecialiped knowledge of the entire Smithsoniati staff was available 
to him, Anny and Navy liai$on officers were in constant touch with 
the Board. 

As a separate history and analysis of the work of the Board has 
been written, no detailed account will be given here. It will only be 
statctl I hat the Board prove<l almost immediately to fill a vital place 
among the Witsliington war agencies. Besides making available to 
the Army end Navy the great regional file of specialists able to assist 
in tlie solution of problems relating to all parts of the world, Ihe Board 
pi-oduced on request numerous special reports on particular regions 
for 1158 in planning military (iperations, nnd served os a real clearing¬ 
house for‘^pot” information in many different fields. 

By July 11144 the most urgent needs of the armed forces for regional 
and related information had been met, and at that time Dr. Strong 
went back to Columbia University to resume his duties ns professor 
of anthropology. The Board was kept in opemtion and continued 
to fulfill its function on a reduceil scale under the guidance of Dr. 
Henry B. CoUins, Jr,, of the Bureau of American Ethnology. 

WAE BESEABCH WORK 

Although the Instllutlon lias uo large laboratories tliat could bo 
used for extensive war investigations, nevertheless its smaller labora¬ 
tories and shops and tlie specialized knowlalge of its personnel were 
made available for whatever researches were requested by Aimy and 
Navy officials. For example, the facilities and staff of the Astrophys- 
ical Observatory^ including the Division of Radiation and Organ¬ 
isms, were occupied for s considerable time with research on the heat 
radiation prapertics of various cloths, pigments, and other materials 
for war purposes, and on the deterioration of impregnated clotli, 
cardboard, and other materials used by the Naiy^ A number of spe¬ 
cial instruments were developed and "constmeted for the Navj^ and 
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considerable work was done on the problem of a simple, portable de¬ 
vice for obtaining drinking water from sea water. 

In geology, one staff member was in tlie field contmuonsly thrangh- 
out the war years directing an investigation, in cooperation with tim 
United Stnt^ Geological Survey, of ilexico’s resources of strategic 
minerals. Another niember took part in an economic survey of the 
ore and mineral deposits of northern Mexico, and later investigated 
Devonian stratigraphy in Illinois in connection with oil resourca 
studies. 

Jliich of the work in the field of biology vras in the nature of con¬ 
tinuous assistance; to war agency iiersonnel dtrough identification of 
speoimons, instruction in various fields of medical biology, oonfei-encas 
on recognition and control of harmful organisms, re|X)rts on the oc¬ 
currence and itlentification of strategic plant material, and other simi¬ 
lar activities, 

Li anthroptdogy, staff members prepared a number of rcjjorts and 
articles involving research on the native peoples of various war areas 
at t he request of A rmy and Navy i n telligence officsi^ Studies of A re¬ 
tie clothing made for the Army Quartermaster Corps, based on 
the extensive collections of Eskimo garments in the National Museum^ 
For use in the design of oxygen and gas mn^, data were worked 
out and supplied to the Army on I he variations of tlie human head 
and features. 

These a re but a few of the war research problems investigated by 
the Smithsonian, but they will serve to sho^v the typ^ of work the 
Institution was qualified to do. The problems came in various ways: 
Through jxirsonal contacts w ith Army aud Nav}^ officials, through the 
War Committee or tlic Etlmogeographic Board, or through direct 
approach by the agencies with urgent problenws to solve. Technical 
assistance was also given by making laboratories and personnel avail¬ 
able for the working out of mechanical problems. Thus* tlic engi¬ 
neering laboratory and its staff worked on several ckvices that were 
under study by the National Inventors^ Council, building models and 
mock’ll! ps for test purposes. 

INTER AXIEaiCWN ACTTlVlTlB:^ 

Wiih the outbreak of war came the realization that ^Vestern Hemi¬ 
sphere solidarity was not only desiiabJe but essential to the safety of 
tho countries of both continents. It became an urgent duty of tho 
United States Government to take the lead in promoting good will, 
cooi^’ration, and a feeling of unity among all the American republics. 
The Smithsonian InstituHon was qualified to take part in such a pro¬ 
gram through its long years of friendly contact with scientists and 
scientific institutions in South and Central America, Mexico, and tlie 
West Indies, and its continuous program of field exiilorations in those 


4G8 REPORT BMITHSONIAN INSTITUTIOW, l fl4a 


regions. The imits of the Institution most concemed with intet- 
Americun coopemtivo work w^ro the National Min^uni, the Bureou 
of AJiiericon Ethnology, and the Institute of Social Anthropology. 

All the field work of the National Mnseiun during the war was 
diverted to Latin America. Espeditiona during the war years in¬ 
cluded on investigation of ancient skeletal oollections in Peru; a wide- 
ranging recopnafesatice of Mexico’s resources of strategic minerals; a 
study of the geology of Sonora^ Mexico^ as a biiais for the location of 
mineral deposits; field researches in Brazil on mamtiud^ that serve 
as hosts of vectors of transmUsdble diseases; conferences with musenm 
staiFs in Brazil, Uruguay, and Argentina on problems concerning 
crustaceans and other mvert^rates; collecting and identifying 
phiuta of Ijttle-kiiown regions of Veneizuela; studies of tlie plants and 
maimnals of Colombia; exhaustive researches on the snakes of Mex¬ 
ico; collecting and atudying the Lnsecta of Colombia and «lamaiea ; and 
a comprehensive Investigation of the fishes of Yemi^uela as a scientific 
aid to that country. Another phase of the Museiun^s inter-American 
work was tlio identification of large lots of biological material received 
through scientific and medical organizations and private individual a 
in the other American countriesL The Museum also made available 
for the u^ of visiting scienthds from the other Auiericau republics its 
laboratory, stnd}% and library facllitleE^. A wartime publication proj¬ 
ect of the National Museum is the very large checklist of coleop* 
terous insects of ail the Western Hemisphere to the south of the United 
States: The first thi-ee parts of this work have been printed and the 
remaining parts are in preparation. When completed, the checklist 
will be an indispensable tool for all entomological workers in those 
regions. 

The Chief of the Bureau of American Ethnology, iL W. Stirling, 
has for several masons conducted srcheologicat expeditions to south¬ 
ern Mexico under the joint Bponsorship of tlie National Geographic 
Society and the Smithsonian Institution. Many interesting and im¬ 
portant discoveries have been made, the collections going to the Na¬ 
tional Mueeutn in Mexico City. The Mexican Gover?imeut has 
evinced much intend in the expeditions and lias facilitated the work 
whenever possible. The Bureau is pubiyting the monumental 
‘^Handbook of South American Indiaiiiip’’ a project undertaken by the 
Smithsonian Institution as a part of the State Department’s program 
of inter-American cultural cooijeration. Under tlie editorship of Dr. 
Julian H. Steward, the Handbook progressed steadily, and at the end 
of 11145 volumes 1 and 2 wero in type, volumes 3 and 4 wero in the 
bauds of the printer, and the r&maimng volume was pmctically com¬ 
pleted. Tlie preparation of articles on the varloits groups was kept 
on a truly cooperative plane, as 50 i>ercerit of the contributors to the 
Handbook were selentigts of the other American republics^ 
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Dr. Steward also provided the initiative for the foroaation of two 
other a^ncies designed to improx'e cultural relations atnoog the var¬ 
ious countries of the Western Hembphorc, nouiely, the Inter-Ameri¬ 
can Society of Anthropology and Geography, and the TnsUtute of So¬ 
cial Anthropology. The first of these, founded with the assistance 
of the Coordinator of later-American Affairs, was organized for the 
purpose of briugiog together the scholars of the TiVestem Hemisphere 
who are working on prohlctns of the cultures, both aboriginal and 
contemporaiy, of the Americas. Tlie Society, supported entirely^ by 
dues of the members, boa a membership of wore than 700 representing 
nearly every country in the Heniisphcrc. A journal entitled **Acta 
Ameticaua,^ with articles in Hnglish, Spanish, and Portuguese, re¬ 
cords the activities of the Society and the findings of the individual 
membere- 

The Institute of Social Anthropology is a joint project of the Smith¬ 
sonian Institution and the State Department’s Intcrdepai'tmental 
Cbmmittce on Coopciation with the American Eepublics. Set up as 
an autonomous unit of the Bureau of American Ethnology and fi¬ 
nanced by tlie State Department, the Institute cooperates with institu¬ 
tions in other American countries in trainiug personnel to cany out 
anthropological research through university instruction and field 
work. One of the cooperative programs of the Institute is with the 
Escucla Nacioiial de Antropologia of the Instituto Nacional de An- 
tropologk e Historia of Mexico. This program involves teacliing 
anthropology, cultural geography, linguistics, and related subjects at 
the Escuela and field research among the Tarnscixn Indians of the State 
of Michoacin in Mexico. Another project is under way in Peru and 
yet others are being formulated. 'Die Institute has already issued 
two publications bearing on its work and two others are in the hands 
of the printer. 

Other examples of Smithsonian wartime efforts to improi’e cultural 
relations with the other American republics are the doubling of its 
exchanges of scientific and governmental publications with those 
countries through its International Exchange Service, and the show¬ 
ing of a number of special exhibitions of the work of Latin-American 
artists by the National Collection of Fine Arts, another branch of the 
Institution. 

It will be seen that these In ter-American projects am for the most 
part extensions of the Institution’s normal activities in research, ex¬ 
ploration, and other fields. The emphasis vras placed on building 
good will with our neighbors to the south, and whenever possible Uie 
work was planned on a cooperative basis so that the peoples of tlie two 
continents might feel that they had an equol interest in the furtherance 
of cultural activities. 
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WAllTiJIB PUBLICATIONS 

Tlie ootstanding wartime service of tlie TnstitutioR in the field of 
publication will be found in its new series entitled ‘‘War Background 
Studies.” With tlie war reaching to remote parts of the earth, par¬ 
ticularly in the Pncific region, and with manj' of the Institution’s 
scientific staff knowing these areas through first-hand experience and 
study, the Smithsonian found itself In an excellent position to make 
this specialized knowledge of dii'ect use in connection with tlie war. 
It was decided to restrict the series largely to the Pacific area, as it 
was felt that the countries of the European theater of war were too 
well known to need further discussion in such o pamphlet series. 

The series w'as begun with a general paper entitled ‘‘Origin of the 
Far Eastern Civilizations,” in which the prehistory tind early history 
of the Far East form a backdrop for the peoples of today. This was 
followed by a series of papers on the peoples, geography, history, 
natural history, and other features of the Soviet Uniou, the Philip¬ 
pines, Polynesia, Japan, Siam, New Guinea, Alaska, the East Indies, 
Micronesia and Melanesia, Burma, Indio, Frendi Indochina, China, 
and the Aleutian Islands. These were interspemd with papers on 
general topics related to the war, such as**The Evolution of Nations,” 
“Are Wars Inevitablei” “Tlic Natural-history Background of Cam¬ 
ouflage,” “Poisonous Reptiles of the World,” and two on special war 
oreaB not in the Pacific region, namely, “Egypt and the Suez Canal” 
and “Iceland and Greenland.” 

As soon as the new series became known the papers were in wide 
demand, especially from .\rmy and Navy unite and individuals, for 
whom the series was primarily Intended. The papers were at first 
distributed free to all applicants, but It became apparent that the 
Institution’s limited printing funds would not permit the continuimce 
of this unrestricted distribution. After July 1044 civilians requesting 
copies were asked to pay approximately cost price, but Army and 
Navy personnel continued to get them without charge. 

Wlien Army and Navy intelligence and education oEcials became 
familiar with the contents of the War Backgroi.ind Studies, they began 
to order special printings of the various papers for orientation and 
educational uso within the armed forces. At the end of the war more 
than 400,000 copies had been thus used in addition to the Institution’s 
own distribution of over 295,000 copies, a total of over 625,000 books. 
Through various sources it bos been learned that the series was used 
by the Army and Navy In orientation coui^ses, in military government 
schoO'ls, and in general educational programs among the military and 
naval personnel; by civilian agencies, aa textbooks In university 
courses, os the basis for lectures and club discussions, and In numerous 
libraries as a part of their special war literature service. 
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With the realizAtiou tliut mfttiy thousands of Army end Nary per¬ 
sonnel were stationed in far-away areas not actually in combat zon^, 
the Institution compiled and printed a Field CoUector’s Manual in 
the hope that its study and use might prorido a welcome recreational 
activity. The pocket-size manual gives detailed instructiems as to 
the preparation and preservation of specimens of mammals, bi^s, 
fifth ea, iivsects, and many other things that might come under aerrice- 
men’s attention. A thousatul copies were given to both Army and 
Navy to acquaint them with its contents, and more copies were later 
acquired by both servicesL 

Many Smithsonian publications issued prior to the war proved to 
be of direct war usefulness, particularly its series of tables—physical, 
meteorological, and mathematical—wliich for many years have been 
in constant use iu laboratories and research centers- ^veml thouisand 
copies of the Meteorological Tables were requested by Army and Navy 
officials. Two Smithsonian papers were especially useful to Army 
and Navy medical units, one on the feeding apparatus of biting and 
sucking insects affecting man and animals, and another on the modus- 
can mtermediate hosts of the Asiatic blc^ fluke, SJeveral himdred 
copies of cadi of these papers were I'cquired by the armed services. 

SIlSCELLAltEODS WAR SERVICES 

Tlie Smithsonian library is one of the largest collectione in the 
world of the proceedings and transactions of scientifio societies and 
organizations. During World War II, in which science played so 
large a part^ there was constant library research by many ofiiciab of 
the Army, Navy, and civilian war agencies, and in the resources of 
the Smithsonian library were found answers to many urgent scientific 
problems. The library staff aided such investigators to the limit of 
its ability and enabled them to find many elusive bits of information 
needed to complete Uie picture of world-wide operations. Special 
Ifibliographies were compiled by the library staff, and tmuiy specially 
needed works were located, A mimeographed statement on the re¬ 
sources of the Smithsonian library was distributed through the Eth- 
nogeographic Board to key men in the Army, Navy, and war agencies 
to facilitate the finding of source material. 

In addition to the wartime activities at tho Institution itself, its 
administrative officers also served on governmental boards and com¬ 
mittees, thereby making their esiierienc* available to an ever-widening 
circle. The Institution was represented in this wtiy on the National 
Advisory Commit tee for Aeronautics, the Public Buildings Adminis¬ 
tration, the National Resources rianning Board, the Interdepart¬ 
mental Committee on Cooperation with, the other American republics, 
and otliers. 
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The Institution {lut on o number of speciul wuttimo exhibits, includ¬ 
ing sereral representing the wor Activities of our allies, ono of idouti- 
fication models of Allied and enemy aircraft, several regional exhibits 
covering areas involved in the war, one sho%ving the development of 
modem weapoiLs, and one illustrating life-saving and rescue equipment 
used by the Kavy. 

In the matter of special services to membets of tlie armed forces, the 
Institution’s efforts included the opening of its buildings aU day 
Sunday for the beuedt of tlie many servicemen in and around Wasbiug- 
ton ; the furnishing of free postcards in color to servicemen, with 
writing and mailing facilities available for their use; and servicemen’s 
guided tours on Sundays through the Mnsenni exhibifa in cooperation 
with the U. S. O. and under the supervision of Frank hi. Setzler, Head 
Curator of Ajitliropology of tlie National Museum. 

SnUMARI 

After the outbreak of war, as it became apparent that the Smith¬ 
sonian Institution was not to be assigned definite war duties, the 
Secretary planned a deliberate effort to make its resources of tlie 
greatest possible usefulness in the prosecution of the war. He ap¬ 
pointed a War Committee, which canvassed every facility of the 
Institution and recommended lines of action. A roster of the geo¬ 
graphical and specialized knowledge of every member of the staff was 
compiled. Thousands of requests for technical infotmation from 
Army and Navy were handled, both directly by the Institution's 
staff and through the Etlinogeographic Board, a clearinghouse set up 
jointly by the Smithsonian and three other agencies. Members of the 
scientific staff undertook a number of war research projects; and the 
engineering laboratoty assisted the National Inventors’ Council in 
working out certain inventions. The Institution took an active pai't 
in the Government’s prognun of improving cultural relations with tlte 
otlior American republics. A number of publications having a direct 
war bearing were issued, the moist outstanding beiitg the new series 
of W'ar Background Studies, of which the Army and Navy used over 
400,0(H) copies. Other wartime activities inciuded special library 
service to war agencies, service on wartime committees, special war 
exhibits, and special features for memberti of the armed forces. No 
particular administrative problems were involved In the Smithsoniau’s 
war activities, as most of them were merely extensions of its normal 
peace-time work. It is tlie liope and Iralief of the Institution that no 
possibility of war service was overlooked and that the Smithsonian’s 
contributions were of measurable value in the Nation’s all-out war 
effort 


INDEX 


Atjflcfi (jrauUfl bemp}p The Intrcidiictloii flf. Into lie ’Weattm 

Abbot, OhRtli^ O- . -~— - -- — 

Accesslomfip Burviia of Atoorlcaii EthnolORlT— 

Ttoor G&1lei7 of Art,,--^-- 

Libnirr -- 

NatiotiAl ColleclloD of Flo^ Arts -— ^ 

Katloaol GflUerr of Art -- - ---^— 

NatlDiml Mtisemii------ - 

National ZooloeLonl FarlL— --—-- 

Adwap Herbert^-, - ----- - - - - 

Administrati™ aocoontftnt iTbomna F. Clark)__* . 

Admlnlatradve A^iilanl to tbe Se«)r&tflry fEnrpj W. Doraej') 

AdmlnJatratiTC staft_^_^-- -—- 

Aldrlolit Ixijal B,, Dtractofi Aftrc^bj-Etcni 
Aodorsoit, dinton Bocretar? of Agrledltur© (member of 
tien > — - - - - - r 

Annual Rioport, American Historical ABWMdatloo ---- 

Bureoti of American Etbiiology__. — - -— 

BaapIilerB of the Amcrlcilti RcvoIqUoil*, 

Sml Ehacol AO Iintltutlon-^ -— 

Appropilatlona —^ -—- — — 

AatrophrsLcnl Obset^atory - 

Jiiatltiitc of S«iia Authroiwlofj-. - 

Intertiniloanl Hxebange Service -- 

National Collectloa of Fine Airta -—^ 

National Gallerj of Aru- 

National BiaBomn— — — 

National ZooloatcM Park-. 

Prlnilag - - 

Al^towsk!, H-__ _ — 



Atthor lectareT — 

Aadatant Secretary of the Imtltutlon (John H Graf) — ^ 

AatrophjBltal Oteervotory^,^,, - - - — 

ApltiTdnlatlon ^ - — 

DiTlelon of Aatrophyslcal Resea rcb—, -- 

EHtIhIod of rtadlailon and Orpiiito^H------ - - -- 

Perioimel —— ^— --- - ' — - 

PTJbllCfltlOllE -----— ----— — 


__ &,15,101 

the Instlta' 

_ 1 

_ __ 1£ 

__ 11 & 

_ _ 112 

113 
110 
iin 

os 
oa 

13 

33 
1^1 

73 
113 
80 
IS 


__ 1/12.17,30 

_ ^iSpOe 

__ BS 


no 

101 

101 

6 


473 















































474 AKNCTAL REPORT, SMITHSONIAN INSTITUTION lfl4A 


AstroplijHicu] UwiATch^ DItIbIod of_ 

Attorney Geoeml of tho Untied States 

Jnstitotlon) __ __ 

Afrl, Altoe 
Ayres, Loulfl, 


PtEB 

— --- 6il>8 

(Tom (X Cliirbf meatier of tbe 

- -- 1 


4.^ 


Bales^ Elebard__ ___ 

BarJcleiv Alben W. < regent of the InsUtutlaa} __ 

BamcB, J. _ _—_* 

Bametl^ H. ---- 

Bartecb, _ 

Bob&Iqt^ S- --- -- — 

Eeatb^ Jessie Q _ __ _ ___ 

Beal, Gifford--- 

BelJn, Ferdlimal Lanunot, Vice President, Nntlonnl Gallery of Art___ 4,32»33,4:; 


_ 30 

1, JtJ 

__ 2 

_4.14.60 

- 2,3 

3 

- _ 3 

44.45 


Bololep T. T-_„_-- 

Bent, Artlinr C -- 

Bertoni G. T _ 

BlactweMerp B. W ■ 
BUfiSp Bobert Wooda_ 


Blo<Hi and blood dertTati?^ (Cbbn). 

Biiarft of BegeniBp The. ---- 

Members __— __---- 

PnDcecdlnes - 


Boll woevPi lirlng with the, for Hftr j^ara (Loftln)^ _ 

Bond, Mrs. Gladys T_^ —- --- -----..- 

BorbollAp D. F. Rubfn de _________ 

BorlOp Charles L.p Jr_ ____ _ 

Boss, Nomiiui U —— ——---- 

BiSrlng, A Q,--— - -- —__ 

Brand, Boland D—________ 


Bronh, Betlev W, (Houma [^robleiai la mllELary arlstloD) __ 

Eroolafp Charles F. (The New Engtand hurrloflae of S^^tember 1044) . 

Brown, W. L ____ _ _ _ 

Bruce, Darld K. ___ 

Brtimna, Henry J___ _ ^ _ _ _ 

Byrnnt, H. B— _ _______^ ____ 

Bnchanmn, L, __ __ __ 

Bolleclns, Boren □ of American Btbtiology_- _ 

Nadonal Mtisemn— _ _ _ 


3 
2 
68 
£ 

17,4S 
413 
16 

^ 1.16 
17 

.... 273 

ta 
2T 

12,17.45 

3 

3 

___ 401 

2SS 

____ 2 

__ 4,82,33 
62 

^__ 4 

_ 2 

-_ ns 


Bneh, VBtmerar (regent of tho iDSdtotlOD)- 


_ _20,112 

-- 1,17*121 


Calms, HuntlngtoDp Secretary-Trensurer and General Coaas^ National 

Gallery of Art _ _ ____ _ ____ 4,32 

Cnidweilp J. B_ __ _ ._— ___ 2 

Gannon, Clarence (regent of the InBUtutloa),.^.. ___ _ 1,10^17*121 

Carey, Charles _ _ _ ___ _ _ 3 

Carrlkerp SI. A„ Jr- _____ ___ 28 

Carter, Elh^wyn.^_ __ ____ 

Caxwltbin, Mra; B, T. CperBonnel offloar) __ — 1 

















































































INDSK 


475 


Edwla - ----- -- - - 04 

CenL«nDlDl .-^— —---— -- IS 

Ctk«ii<^l1i?r of the LostltnUon {Harl^a F. Stooe, Chief JantJce of the tlulted 

fitales)-— -... . .— - — --- 

CliApIti^ Ekli^'ard A - —— -— --- --^--- ^ 27 

Gbapomti, Ckktireid (The New EogUiiO lnurlcflae of S^tember 1M4). - 230 

Cho^e^ Agaen .. . —— ---- 2 

Chief Jufitlee of the United Stntea {Barldn F. Stooe.. CbeocelLor of tha 

iJieUtottou) _ ________ _ li 4^ lOh IT, S2 

Clark, Auetfn H„--- — -— --- - — 2, |7 

Clork, Boiioett Chainp-._^ -—----- IS 

dark, Lalla F+ (LLbrarfan of the losUtotloa)^^ -- - - - 1, lOT 

Clark, Lehiud B-^— — ----—--- S 

Clark, Bohert SttrllB^^^- —— - - — 3 

Clark, Thodjaa F- (adialnUtraUv* 1,4 

Clark, Toifl <X, Attorney General (member of the Inatltutlpn) -___ 1 

Clarke, GLIiUDre ________ _45 

CkKhran, Dorlo -------- 2 

Oohn, Ed will J, (Blood and bli^od derlTatlveali —----- 413 

Colliaa, Henry Bp Jr__ - -- ------ 4,&,14,5& 

ComaSt Juan —--- - ------ 2T 

Coiiimerfordp L, -—— --—— - - —-- 4 

Compton, Arthur H. (repeat of the ljiatitTittoa)_^____^^- — —, - l+H 

CoDgcrp Fanl a.. __ _ ____ 2 

Gonaervlng endaDgered wildlife species {JaekBon) ____ 241 

CciCLsolfixLOp W. V, (Drinking water from aea water) ___ USB 


Cbntrlbtitlotia from the KadCBol Herbflrtam ____ _ —,^--- 29,112 


Co<4c, O. _-_-___—_-_ 2 

Cooper, Goatav ________ 3,28 

Cbx, Edward R (regeut Pf the Inatimtlan} --———-- 1,15 

Croaa, WMtnmii,,- - -——.--- -— . — - 3 

CMhmaDp Joseph _____—— __ 2 

CDEbmaiip Robert A^ __________ 2 

Cyclotron, Medical qbos of the fSpear}^^ ______ _ __ l&T 


D 


Dale, Cheater--- - -4 h32i33 

Davla, Harrey N. (regent of the InatBotlon) __ _It id, 17 

Delano, Frecleric A, (reirent of the lDatltiidon>»^ _____ 1,13,17,121 

Delgnao, H. _ _________ 2 

Director, AatrophyBlcal Qlwnratory (Im B, Aldrich) ___ 98 

Director of the NatlOBal Museum (Alsxnoder Weimore)^^_1,31 

Dorapy, Harry Wi (AdmlnlatntttTe Asalatant to the Secretary^ and Acttcg 

Chief, iDtemAtional Exchange ^n-lce)______ 1 , 0 , T 2 

Doniej, NlcholiLB W. (Treasurer ef the luatltiiUon) . . ... 1 

Drinking water from aea water (ConaolAxio, Pace, and It^} __- 133 

E 

Edgelh George Htiold,-,,_. __ _ ___ __ 46 

EdltorifU DlTlsion* Chief (Webster P. Trne)_ ____ 1 

Edmnndson, Baymond S --------—____ 29 






























































476 ANNUAL EFFORT, SMITHSONIAN INSTITOTION 1940 


Pji*» 


Edwards, R T, (Tb* Lntroduction o( AbacA (Manila hanip) Into th« 


Western ^-- - -——— B27 

Elder, Robert A,, --— - ■ ■ - - - - ^12 

Ellis, Majc --- -- -- — £ 

Endowmoat, Freer GaUeir ot Art—-^—^-- UT 

Smlt baonlan- * - ----—— ^5 

EstablLsbincELt, Tbe^- ... . ...— -— 

EtbDO^^rapblc Board -—- --— B 

HtbiiDlogy, HoreAU af Aiaerlcan- -- - —---- - 4,13,51 

CkillecHonB ---- - --- -- 

Editorial work and pali] leatlotis - -- —— -—- -53^ 

Handbook of Sontb Aiiiierl<?aQ tndian i ; ^ _ —----— 0^ 

lIltiatratlonB __ _ __—---— 04 

InatUdte of Social Antbropology ——-----—-- 01 

library ---———----- ^ 

Mlscellan^uB ---- --„ , . --- ——65 

Personnel --------—-- 65 

Report ---“— --— ------ 

S]>^1 researches-- - -----—-- ^ 

Staff- -- - -- - ----— ^ 

SyatematJe researches—^- — -- - ■ - . n ——^-- 51 

Erdm^hanseo, Elchard- - ——~—-——— ---— 4,13. 55 

ExecntiTo n<nniiiittee of the Board of Regents-^ --— . 1, ISI 


Caab balances, receipts, and dlsbnrBi^jnents durlnE IIscbI year 


i&is — - - 

ClaBsIflcatlOD of tnrestmeilta- --- 

Confiolldated fund-- -- —-- - 

Freer Gallery of Art fnad- „ . . .—^ 

Gifts find beQtiests^*-^. —------— 

Smithsonian endownient fond— --- 

Summary of cndowMenU-- - - - 

Exploratioas and field work, Astrophy^cil Obserratory^--- 

Bnrean of Anwrlcan Ethnology -- -- - 

NoMonal Mufienm — -- — - -- 




115 

lai 

121 


119 
118 
116 
117 

120 
115 
llg 

00 

6T 

2T 


F 

FarUn, J. M. B---------—^ 

Fairchild. D. --------- 2 

Fenion. W, __—-^---- 4,14,50,60 

Finfitioes---------- 1® 

Finley, DaTid M,, Director^ National Gallery of Art,--—— 4, S3,33 4A 45 

Fish, Marie -- ---- ------^-2 

Fisher, A. K_™_-—-----— 3 

Flaber, W. ---- -----—3 

Forrestfii, Jamefi V,t SecTetary of the Nary (member of the Juf tltutJonl—- 1 

FoHhag, W, --—---3 

Fo«tef, CeoTiioM_____,__^.^__ ______ 62 

Fraser, James E* _ _ -. ______ ^ - - _ ^ 



















































































INDEX 


477 


Freer Gallery of Art_, 
AltendaDce_ 


CLfiugea Id 

CollcetloEia_ 


Doceat flervlcep leetureji, meetlnj^s- 

EntlDn'meat _____ 

PersoQoel _____ 

Ilfil*jllrn to tlie CDUL>ctEoii^___ 

Report __ 

Staff_ 

War worlc- 


Wark of staff membera^^____ 

Frledmaan^ Horbert_______ 

Fuaei anJ moil^im Jiffillra (RBiuabottoiai)__ 

F^fOp Ho^vard__________ 


4,ia4D 

_54 

53 
4^ 
55 
117 
S5 
53 
40 
4 
53 
52 
2 
313 
(17 


Garberp Paul ____ 

Garrett Margaret B________ 

QasSp IL_____ _ 

Gazla, G, ___ _ __ _ 

Gafiii, EILftnbetl] ___ 

George, Walter F, (regent of the Instlmtloa)- 

GIIUHp Jobn P___ __ 

GUuiote, Cliurlei W„_ ______ 

Ginuore, Tta^'iDoad M.._ _ __ _ ___ 

Goldman, E. A_________ _ 


Gnit John E., Assistant Sociretary of tba Inst [tut ton ___ 

Grabamp David C_ _ _ ______ 

Grwne, Cbjirlofi T_ _ __ 


3 

__ 32 

5 

- 3 

_ 4 

tia 

__ 02 

-- 3 

2,12 

3 


-I,l2,17p3ft 


Goofil, Grace Dunlinnip Assistnnt BIreefor, Freer Gallery of __ 4 , 53 


HambMonp Jauea L ^Tlie IndlsiieiiBBble haDeybee). 
Handbook of Sotitli American Indiana-^ 

Barrlagtun, John F__ 

Heck, N, (Japanese earthquakoa). 

HcDilan^oD, H 
Hess, Frank 
EDgbCower, G. 

Hill, James iproperty dark) 

Hoffmann, Winiam H 
Honeybee, The LndlspaQsable (Hsinbletoa). 
Hoover, WUllsm B 
Hopklos. A. B. 

Howards L. 0_^_ 

Howell, A- Erniler-* 



Jakes, Harold L-r Secretary of the Jntartor {member of the lrLstStxitlon)^_,_ 1 
Znatltnte of Soclai Anthropology^^_______ 4 ^ 

<t 6212 --tT-SI 

































































































478 annual SEpaWTj i^MlTHSONLAN INSTiTUTtON 1945 


fnteniAtlaQiil Elxclian^ Service—,,- --—- — 

Appropriullcm--- ---— 

Foreign dcposltorJca of govemmontal floctunents,,- — 

Foreign eicLEiBEn agtiDcles--—-- 

Interparlinmentgry e^cchan^ of the ofiiHjil JoBmat.- __^__- 

jiasatng through the Service^-- -— 

HjQj»rt_^ _ 


613 
OT 
11 
esi 


"IstigTkil uiiiYerge/’'"oiir rovolvlhg, and its sqjJralliig -coimterparia t Skilling) 
Ivy, A. CL (Drhiklng urnter ftotn sea wnter) — ---- - 


flfl 

12& 

153 


I 

Jackson^ Hartley H, T. fConsarvtng eiidangered irllilllfe epocieti) 
lilucgliL Aasiatnal Director, National Gallery of Art —— 

Japane^ earthquakes CEleckl^--^— -^--— 

JpllJiSoti, W- -— ----——— - 

Johnson, D. H,,, —, - —-———--— 

Johnston, Earl ----————^- 

Jtidd, Nell - - ------ -- ---- 


24T 
4. 3S 
£01 
S 
2 

2 


K 


Kelloj^, Retnlnglon— -——-——— 

Keppel, Frederick — -----—-- 

ECetchltnu Miriam B —.— -- —w*^,- 

Kllllp^ Ellaworth r..™—- --. - 

Kresa, Sanixiol O., prc.«aont. Knlioniil OJincr^ «t An — 
Krt«i:(>r, H. W -----—- 



fj^ariHrd. Emmery C _ 

Levine, LudHa E - 

lewton, Frederick L- 


Ubrarl^n of the tntnimtton <Leila F, Claris) - 

Library ^ ----- - -- 

Accessloiift-, , _ - , -- , ^ , -- — 

Cataloging- - ----— 

Duplicate* --- — .— -— - 

BxrhJiDgr* -— 

GlfEst.,,.^ --- 

Needs ___ _ __ ——— — 

Ft-ffionnel__ __. 

Repo rt, ----—-— 

StatIfitJea ....—---- 

Lodge, John B ---- -- -—^— 

Ij>ftlij, U, O, fUvIng with the boil weevil fi^r ftfiy ycamh 


_ 19. 


6 
1 

ice 

156 
lOCi 
1<K 
104 
104 
100 
100 
m 
100 
m IT. 44 
._ ffTS 


M 


MacCurdy. noorge --- - -- —- ^ 

Mann^ Wllll am M., Director^ Na llniial Zoaloglcii I Cnrk . ----- ^ 

Manning, CatherlcLn D __^__________ ^ 

Manhlilp. Paul,... ___ _ ___ 12,11.44,45 

MiirshalK Willhua ____ ___ _ _ ® 

MqthcTH Frank Jerweii^ _ __ _ -■...■ _- 1^. 4^^ 4n 






































































I^DSX 


479 


Matoh , W . R — --- - --- — 

McAlister . EtJwnrd D ..- .. u ■ ■■ - -— - -— -^—--- 

ALsrBrEd^f El. AiJuiiiibitTiitor, Njitl<>niil Giillei-j' ot Art 

McClui ^, F . - - .—— 

McCray , Ptifter - —— - 

McDonupIlr JoliD N. (Tla^ micro tlottts)__* - - - 

.’lleNaTy, Charlrs L__ .. - -- --—-- - 

MtHnliers of tbe Instiiutln!!-^^ - - 

lrH\i3C, Alfred - — - --- -- -— -- 

Mlcroblotlcs, The <BIcDonn**in -— - 

Mllttory nTlatlon, HiiMiHh p^wlIi^?ma In ^ Bronk)--^. ^ 

Millei-t Gtrrit S.* Jr.—,- _______ - 

Miller, Robert 1?- 


Mlncral p^^altlon of tb& Uhltctl Slotc# Btid tlio ontltiok t^r I bo futnro. 

The (Pehraon). — - --— ----- 

MUcollaEiefJUB CollectlotkHh BniiltUsonlao --- 

Mltinno, Carl W— - -— . --- 

Moore , J- PertT ™^— —-—----— — 

Morgendisiu, Henry, Jr., Seeninry uf tbs Trsas^n {mwnhsr uf tHe 

IiiKtItntSon)— .— — - - --- - ---- ■ ■■ ^ 

MoiTiflt Tlolaiid s. (reh'oht of the Inj?tlt«MyiJ>- — 

Morrison r Jo^ii^ih P. ----— 

Morton, Conrafi T_, -- - -- 


2 

5 

a 

33 

441 

1 ^ 

1 

28. ei 

441 

401 

o 

. 2,28 

iTti 
101=1 
S 


> 4, S3 

1 . lt> 
2,20 
o 


Myers, Gvorgo HewlU ---- 


_ IT,4& 


N 


National Collection of Fine ArlS-^—^ - 

ApproprEationS --- - " '■ --—- 

Catbcrliie Walden Myer fand, Tlie..^ ---— 

Lonhi^ accepted,,.. - — -— 

LnjULa to ntlter mnsenins and orgfijiiiiallona__, - 

Pnbltatlons—^ — -- -- — - - - 

Rctorcoeo Uhrary— -— —- 


4, 


Smithsonian Art Comnifa^On^ -- 

SpecUil eihibSHonfl^^-—— ----—— - 

Tfirttlirirawnls hy owiiera- - - - 

NntloiUil Gallery of Art„ --—^ 

Adinlsi tiona - -— . —-- —« 

AoqolBlticms coniroIttM?-^ 

Aetlrmes, various-- 

Ar^proprliitlonS - - 

Attendance - 


_ 4. 


Audit of ptlvaUr funds w£ the Gallery- -- 

CofiHtnictlon of hew i^allcrlrs-, ---— 

Cnratorliil dopartoient-. --—-- 

Cusiodiot^’sblp Fronch exhibition materlaL - 

EdncatSoniil progrnna -——— - -—- 

I'^^feentlve i.-omniSttee.--- --- - - — -— 

KxhibltlahS,- ^ -- - - - ---- 

Eipetidkure!9 and cnirunibmwcea--— --— 

Fioanee- coiiniilttcei^,,- ---—-- 


12,43 

43 

4 d 

4tl 

43 

43 

47 

43 

43 

47 

47 

12,82 

35 

33 

39 

33 

34 
42 

35 
41) 
3t) 
41 
32 
38 
3il 
;is 















































































480 ANNtTAL REPOBT, SMITHSONIAM [NSTlTOTlOlf 1045 


NationalJGalleiy of Art—Continued. Pi,t 

Librai^_____ _ ______ 4^ 

Loan of works of art by ihs GoJJerr^_ _ ___ _ 3S 

Loan of works of nxt to tbe Galiery^^_____ 31 

I»Atied w^ort3 of art retonied______________ 3& 

(Mftcbilfl_______4p3a 

OrganlxaHoo and BtolT—,^__ _ .. _ _ _ _ 32 

Other gIftB_____ - __ _ 41 

Pboto^apbLo departmenL..... . ... . 41 

PtibUcotlODa__ 34 

Report_ 33 

Rcatoratjnti and repair of works ol art__ _ 41 

Hetum of works of art frani xm3t®et!Te atora^ In BUtmore, Nh C_^__ 35 

Solo or exchange of works of urt____ _ __ 36 

TmvQ] \ ng GibIbStloDS ______ „, , _ , ____ 39 

Tnlat(^ea---------- - ----^ 4^82 

Muaoimi________ __ __1^11^21 

AdmS alat m live sEatT_ _ __ _ _ ______ _ 4 

Ai^}ropnatLdrLS_______ __ _ 21 

Cbnn^ea In organlxatloii and slafL-^^ — ___ SO 

Collect lons^„_ 22 

PI:cp1amtloiis and field work______ 37 

Mlseellaneotia___________ 29 

&[uj#uin li3 wartime^______________ 21 

PublIcntEons_ _ _ _ _ _ __ _ _ 29 


^oleutlflc ptalT-, - Z 

Special exlLlhttlL^^_ _ _ _ _ _ _ _ __ _ _ ___ 29 

VlEltora_______ _____ _______ 29 

NaDoiial ZooIo^^caI Park _______ ,5^13,73 

AcqnfKltloa of BpecLmciiaw^ — .... .. _ tS 

Anlmala in the Park June 30* 1945____ . . . _ SO 

ApproprlatloD____ __ _ _ _ 73 

Donors and tXxidt sifts,,__ _ __ _ __ , TB 

01 fta__ _ _ _ . _________ _ 75 

Needs of tlte _ ___ _ __ ^ T3 

Report_____ -. . __ _ __ _ ____ 7S 

Brntement of nce«ssLonA_____ ___ __ 80 

Status of col Section.. . . ....... . 80 

Visitors,,__ ______ _ ___ - , ■ ■ _ 74 

Now EaRjand hurricane of Sepleniber 1944, Tbs? (BrnokE ami ChniJtiian)^— 233 

Newtnan. M. _____ _ _ 2 

Northwest Passage, Couqaest of the, by R. C. 11. P, achixioer St, Moch 
(Bobltisan) .... .. _ 219 


OcHnser, pnaS -- 

Officials of tbe tn^^tllntEon.. 

Oliver, L, Lu_ _ _ _ _ 

Olmsted, A, __ 



4, Hi 
1 
4 
3 

















































































INDEX 


481 


p 


Pab« 


Pa<#, N. (DrlELtlng water fr^tn bgo. -- - 153 

Fatmeft M. Hjelen.- — ---——_-- —4, CI3,112 

PoliBer, Tb&o^m - — 3 

PehrsQD, £SLmer Wi { Tb& lolnGml positlan of tlic ODlted States attd tbe 

oaUDok for the fotiire)___——-- — 1'^ 

Perkins, Fraaeca. Secretary of Labor (nietuber of tine lastitutloii)—_— _ 1 

Perry* 1* (Growing rubber La GulLfioriilci).._____ S51 

Perryp S. ---—— --—-—^ B 

rerBonnel uffleer (Mro. B. T, Garwltbeti) __-^--- 1 

Phllilre, Dancan _ ___________ 4,B2*BB 

plobotto, gtejiben S-- — --— ____^_^—^ 41 

Plttler. Henri — ,—. ---—- „ 8 

Flaats; The Impartaace of ------—__ 3(® 

FLruitlefl and meEnla—compeUtora or oollaboratDrs? (Scribner)^_ 1G!L 

Pope, J, A__ _ _____ 4, 13. fiS 

PoatttUieter General of the United States (Frank C. Walker^ member of tbo 

Prehlstorie IrrlgalJozi project, A imlqne (Shetrone)___ 3?^ 

Fresddeat of tbe Ualtevl States (Harry S. Trnman, Presiding Gfitcer ex 

oMclo of the Insttmtlon)^^___ _ _______ __ 1 

Presiding Officer ei officio (Harry S. Tminan. President of the United 

PtI«* l^nard—____ _ __„. .... 5 


Price, Wnlerhouiso A Co_ ______ 

ProceedLcgs of the National Idin^euiD _____ 

Property clerk (James H. Hill) _ ^ ___ . __.. 

FtiblicaUnna,— ™-_. — _ __ _____ 

Allotmenta for prlating __ _ ______ 

Atnerlcan Historical Aaaoolatioor Eei>orta_^_ __ _ 

Astraphyslcfll Observatory—_____ _ _ _ _ 

Bureau of Amcrleaa Ethnology __ _ ___ _ __ 

Annual Iteprtrt_™„„__^, __ _ , 

Balletini_ __ __ ___ _ 

Dnughtera of the America a Berolutloa^ Eeport __ _ _ 

HlstTltmtlnn^___ _______ _ __ 

Iii^Jiate of Social Anthropology > 

NatLoanl Collection of Flno Arta,^_ _ _ _ . . 

Nstloaal Gallery of Art-^_ ____ _ 

National Moseuai__ _ __ ___ 

Eulletltns^^__ __ __ 


_ _ 42 

20p lU 

_ 1 

■^- mios 

_ 113 

-- 113 

101 

-- CS, 112 

_ _112 

_ 112 

-- 113 

._ loa 

-- C2, m 

... - 48 

- M 

_2D, 111 

___ 112 


Cont rlbiit Iona from the KaUeaal ElerbiirlnnL 

Pn>ceedinga______ 

SaiLthsonlaa _ _ ^_____ 

Annital Bt^rta __ __ ____ 

MEscellauootia CSolle!eth>aa,_.„^ ___ 

Special pablicntlons _ _ ___ _ _ 

War Background Studies-,—.. _——_ _ 


LL2 

lU 

im 

110 

109 

lU 

100 


R 


BaWp Tlduklng abont (Wnafabara}.__ 

BadJatloa and Orgaalsnuk, Division __ 

HatnsbottOEQ, Ji iFiingl and modern ofFalra) 


SOB 
5, ttO 
313 




























































482 ANNUAL REPOKT, SMITHSONIAN INSTITUTION 10 45 


R€berhoIt+ B, Q _________ __ 3- 

R«4i£leE^, EiJWHrd \V_ _ ___________ 44, 45 

R €firroU of Uie tn-^tltutlun) _.__ _______ 1, IG 

Heeth F. C_ — _ _ _ ____3 

Rot^SUi^p J. B., Jr— __ _ ______ _ 3 

of tha Iji9ftituUoaL__™^^^ _ ____ _ __ 1, 30 

Reh<jUir^ Hard Id A _—___ ___ _____ ** 

RelcliordH Uoyd C_ __ __ __ _ , __ ______ 61 

Rloct, Artlmr P ____ _ __ _ ____ 3 

RobbiM^ WitUom J. tThu Impurium-e of pliintB)— ... _ _ 305 

Roberta, Frnnk H. K-, Jr.p AissiutaDt C^Icf, Btireati of American RtLiiobi^ 

4.33,14.17, S3, CO 

fiobLiu>oii, J. Li&wLa ICntuLUfiit of tlie Nortliwest Pussogc by R. G. JiL P, 

BcLi^nor Si. RtMih ) _ __ _ __ _ _ _____ _ _ __ 210 

Rohw«rp S?, A_ _ __ _ _ 3 

Rcmero, Jiiv(or ---- - - - — , . „ _ ___ _ _ 27 

HoosevoSt, PrcaSdoDf^,. ____ ___ ___ _ 10 

Ros^o, ELizabotb _ __ _ _ ______ _ 3 

Rubbi'r III OiiUfaiiilii+ OrowloiJ (PtTfy)__^„^_^ -- 351 

RiriiisejU J. liownspnd^^--^ ___ ___--- 2 

Rll^^s^^ll^ IakiSbc _ _ ___ __ __ 28 

3 

Schnllcr. W, T___ ___ ______ , 3 

Sk-bJuRtp Wnlda _______ —_2 

Sohidlst, Leonnrtl P. ---- - -- -- - 2p2S 

Scliwflrt3E. B0 i:iJjiii]Jd __ __ _ ___ _ __ 2 

sUCLw-- -- ------ 2 

Scribner, G. K. i Plnatlcs and tuetali^ — coiHpetkors *>r coHulisimtonj?)__^ Iftu 

SinrlCt Harriot RIcbnrdiian ____ _ _ _ _ __ 2 

Sccrctnry of A^LotjUiirf^ ( Oliatoo P, Aodor^n. member of the Inatlta- 

Secrelary of Foiiiinerce (Henry A. Wallac^i mciober of tbe EnstUatloa)^_ 1 

Secretory of the Institution {Aliisnnder IVetinort^), _ _ Ir4p20li32 

Secrcinry lit the Eiiterjor (Harold t#. leke-H, rijember of tbe lni$[Ltiitloiriw» 1 

SeiTelnry of Lzibnr (FriineoB Perkins, member of tbc InstltatloDy _* 1 

Secretfiri' of tljo Kavy (Jamefl V. ForrestaL member of the Instkiitloo )_ T 

Scerclnry of State (Edward R. Stettinina^ Jr^ meintier of the tQ3Llturioii) 

1,4,32 

SecreJnry of the Treasury (llonry ^tor^i^ltbnll, Jr.p member of the 
Inntllntinnl 1^4.3233 

Sc?cretory of War ^ll^■T^ry L, SrlmtiOEif member of the Inst Rat Lon) _ _ 1 

Setxlerp Prank M . .... ... . .. 2 

Simmer, M. Harold _ - __ . _ _ __ _ 2 

Sbtpnri:l, Donald _ ___ _____ 32 

Shetrone, flcjiry C, (A unTqoe prebiatorlo Irrleatlon project) _ 373 

Slioeiitakorp C. B— ___ - ^ - . __3 

SUicliilrp CMrtes C.^ ___ _ ___ _ _ _, 4 

Blrioul!^ J. Riisaen^^^ __ _ _ _______ 3 

SklLlln^p WilUiiui T, lOur revolving "'J-^land Unlvense^^ and Ita EpLralliu; 
eoTinterparta) ____ _ ___ _ 135 



































































INDEX 


483 


Pogfl 

f^rnLLli^nkn Art OofuttiiFtflloti - - ---- 12, Up 

Officere - . _ _ ^ ^ __ __ — - — 4S 

proeeediri^ __ _________ 4ii 

Bessiltiticpiut -— --- - -- ■— -- - 44 

Works ujf uirt llcvf^pE<^(] fcir Itto Njitlauiil Coll(^eUoll ut Flue Art:) _____ 4^ 

Works of II rt Ace^pt^i Tor ItrtJ NnUemll Pijrtrnlt Onltory^^__ _ 44 

Works of urt accepted for the - 44 

Smithfwulim lustltotlou^a port In World 'War II, A hriel snniiiuiry uC Kbe. .. 450 


RpGor, F+ O. (lUefiEcul uses of the cydotroa>_ ___ I3rr 

SpecJnl eschJbitj, Nutionul Culleellon of Flue ArtR_ ___ _ 4T 

Nnltoofll: Gsillery of -------—- S3 

Nnttuhal Moseam., ------ - - --- 

Specinl puhlleutlona, SmlUufonJiui -- - -- „ _ _ m 

StantoD, T, VV_ _ _______ 3 

Steams^ Foster ___ _ _ _ _ ___ ____ 1& 

StetUnLirs. Edward R Jr.p Secretarj of (meuiIieT of the lustUutlOD)_ 1,4 

Silmfionp Henry 1*^ rotary of War (uieniber of tlic InaUtutlonl _ 1 

Sflrllnit, ______________ d1 

BtItniJir. Matthew Wr, Chlefp Bureuii of Auierlcaii EthnoloK^'— __ 4, IS^ 

18, 57. 5S, ei. Oil 

^Concepts of the sun uiootig^ the AtnerJcfiti lodtans)_ _ 387 

Sterciisan, John A _ __ ______ 2 

F^tewjml, Jiillun U., Dlreefor, luslttute of Social Aiilbro|iol<jjiy _ 4.fJ, 10. 14. dl 

Stewarf. T, Djileu,,, -- - ._ _ _ _ 2,27 

Stone, Harlnn F,. Chief JustEce of th^» United Slates (ChuncclEor of the 

InstUtltlou) - - --- - - ^ _ 1.4.10, ITpSa 

StroQKp Wlilifiiji Duncaa __________ Sj 

Bimiumrj' of th*? year's aellvltlcs of the hnirnrhcs of the Iii3tituiEofi^,,w_^ _ 11 

Sun. concepts of the nmong the Amorlcnn Indions ( SUrtinp) _ ,. _, 3Sf 

Bwenton. John R ... _______^__ __ ____ ^ 

Swinele. \V. T _____ 2 


T 


TuyTor, Frank A___.--- -_ S 

Tolman, Rnel l\ ActiDg Director, National Collection nf FEno Alia _,, 4. 44, 48 

Treosurer of the Institution (Mcholas W, Dorsey __ " l 

True, lVel3^sle^ P. (Chief, editorlut AWlalf^n} \ __l! 'l' lT 114 

Truman. Harry 8., l^rcsldent of the United States tPceMdlng Officer ox 

officio of Ihe Institution 3__ _________ _ 1 in 

Ttechoplk. Hnrrj^ Jr _ _________ ^ 02 


V 


Vaicdrcel^ LuSs^ ____ 

Ynughan, T. W_ __ 

Vtee PresidE^Dt of the UuUM Srates 
YlsUoirii: 

Freer Galkrj" of Art __ 

NatEonnl GaUcry of Art_____ 

National Alnfle nm- _ 

NaUoiiAl Zoologleal Park_,_^, 



(member and regent of tho Inet Itntlmi) 


62 

3 

1 

iA 

34 

2tl 

74 












































484 ANNtTAIi BEFORT, SMITHSONIAN INSTMimON 1946 


W 

PlV4 

Walcott* Fredcrw CL (regent of the Institution) -—---- Ip IT 

Walker^ Egbert B _ _— - - ---—-- 2 

Walker, Emeat Asslstaat Directofp Nitlunal Zoological Park—6 

Walterp Frank CU Postmaater General (member of the Icatitatlonl-ww^_- I 

Walker, John. Chief Camtor, National Gallery of Art—____ 

Wallacep Henry A,* Secretiiiy of Cotntneree (member of the IhatltiitloD)^ 1, IS 

War Baekgrann^ StudteSi ^niLthaonLan-_^—-__—— - ICO 

Warn me acUviUcs-^.—.— - — ——--— --— 0* 430 

WashburDp S. L- (Thinking abont mc«)„-----— - 363 

WatklM, WUlInm N ---—--—- - - - - 6 

Wedel, Waldo B- --- - -—- ^ 

Weintrauhp Robert L- -- - ------ - - 5 

Wenley, A* G^ BIreetor* Preer Gallery of Art,^,^---- 4. IT, 45, 55, 96 

Wetmore, Alexander, Secretary of the Institution—---- 

2, 4. 12, IT. 18, 2^1, 20* Bl, 32p 4A 45 


White. Wallace H., Jr. (regent of tbe Institatloa)* 

Whltebread. Charles----— 

Whaing. A. W„----- 

Willey, Gordon R---—- 

WltBoop Mildred --^ 


4, 


___ 1. IS 
_ B 

— 4 

14,m,e3 
2. la 


f 


Yeager, Wtlllaju L-. 
Fotingt Mahonii M~ 


121 

44 






































i 



























































